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Abstract Wright, V., M.S., Fall 1996 Biological Sciences
Multi-scale analysis o f Flammulated Owl habitat: owl distribution, habitat management, 
and conservation.
Advisor: Richard L. Hutto
As an insectivorous neotropical migrant, the Flammulated Owl (Otus flammeolus) is 
unique among forest owls in western North America. Based on previous microhabitat 
studies, this species is thought to depend on old-growth ponderosa pine/Douglas-fir {Pinus 
ponderosa/Pseudotsuga menziesii) forest, a habitat that has declined in the Northern Rocky 
Mountains due to past forest management. In an attempt to understand local distribution 
patterns, I documented the Flammulated Owl distribution and conducted a multi-scale study 
o f Flammulated Owl habitat use in a 656,317-ha study area in the northern Rocky 
Mountains, USA. Microhabitat results were similar to results of previous studies, with 
Flammulated Owls using mature and old-growth ponderosa pine/Douglas-fir forest stands 
rather than young ponderosa pine/Douglas-fir or other coniferous forest types (p<0.001). 
Still, 48% o f the plots in the study area that contained suitable microhabitat cover types 
were unoccupied.
Logistic regression models that compared microhabitat data only within occupied 
landscapes correctly classified more occupied plots (60-95% correct) than a model that 
compared microhabitat data across the entire study area (27% correct), possibly because the 
latter was confused by unoccupied plots o f suitable microhabitat that occurred in unsuitable 
landscapes. Habitat in occupied and unoccupied landscapes was compared at three 
landscape scales: 1) estimated home range, 2) area surveyed around transects, and 3) 
topographically- and geologically-delineated landtype polygons. For each o f these scales, 
I used a vegetative cover-type classification o f Landsat TM data with a 2-ha resolution to 
quantify landscape composition. At the two broadest scales, Flammulated Owls occupied 
landscapes with a greater proportion o f low/moderate canopy closure (<70%) ponderosa 
pine/Douglas-fir forest than other land-cover types (p < 0.01). Using the same 
classification at the home range scale, there was not enough variation in cover type 
composition to differentiate between occupied and unoccupied landscapes. However, 
with a second 0.4-ha resolution cover-type classification based on aerial photograph 
interpretation, owls were positively associated with nonforest openings (p < 0.01). If 
stands o f old-growth ponderosa pine/Douglas-fir forest do not provide suitable habitat 
unless they occur within suitable landscapes, there is less habitat available to this sensitive 
species than would be predicted based only on the results of microhabitat studies. Thus, it 
may be most effective to conserve and restore habitat for Flammulated Owls in landscapes 
comprised predominantly o f suitable cover types.
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INTRODUCTION
Effective conservation strategies cannot be designed without understanding the 
distributions o f rare species. Bird distributions are heavily dependent on habitat 
distribution (reviews in Cody 1985), partly because population sizes are limited by the 
availability o f suitable habitat. Thus, identifying and maintaining adequate amounts of 
suitable habitat are critical to supporting the population sizes and structures necessary for 
long-term species viability.
Vegetative and topographic heterogeneity, important components o f habitat, vary 
with the spatial scale at which they are quantified (Urban et al. 1987, Turner et al. 1989, 
Kotliar and Wiens 1990). For instance, the use o f coarser resolutions (grains) to build 
habitat maps results in decreased habitat diversity due to the loss o f rare cover types 
(Turner et al. 1989, Hart 1994), while heterogeneity increases simply as a function o f 
increasing plot size (extent) (Hunter et al. 1995). Heterogeneity at any scale is perceived 
differently by different organisms; habitat patches that seem small and simple to large 
organisms appear large and complex to small organisms (Kotliar and Wiens 1990, 
McGarigal and Marks 1995). Thus, the interpretation o f bird habitat use studies is scale- 
dependent (Steele 1992, Lehmkuhl and Raphael 1993, Hunter et al. 1995), confounding 
attempts to understand bird distribution and to define suitable habitat. For instance, while 
studying Spotted Owl {Strix occidentalis caurind) habitat use, Hunter et al. (1995) found 
differences between used and unused landscapes for 800-m and 12 0 0 -m-radius plots, but 
habitat configuration o f used and unused landscapes converged when plot radius was 
increased to 1600 m or greater. Thus, the habitat configuration relevant to Spotted Owls
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at finer scales would have been missed if  it were only measured in plots with a 1600-m or 
greater radius.
Traditional bird habitat-use studies have often measured variables such as tree 
diameter and shrub height within 11.3-m plots to differentiate between used and unused 
microhabitat (James 1971, Bull 1990). Recently, researchers have also investigated 
broad-scale habitat use, using a variety o f methods to quantify habitat across landscapes 
(Freemark and Merriam 1986, Strong and Bock 1990, Hejl 1992, Lehmkuhl and Raphael 
1993, Hunter et al. 1995). While some researchers characterize landscapes by averaging 
stand structural collected in microhabitat plots, others use broad-scale variables that 
quantify landscape composition, such as percent late serai forest. For instance, Hejl 
(1992) found circular landscapes delineated around points with Pileated Woodpeckers 
{Dryocopus pileatus) had significantly more old growth than landscapes around points 
without Pileated Woodpeckers, and landscapes around points with Brown-headed 
Cowbirds {Molohrus ater) had significantly more open land than landscapes without 
cowbirds. In addition to centering landscapes on used and unused points, researchers 
have also compared composition and structure among topographically-defined landscapes 
large enough to contain multiple territories. For example, McGarigal and McComb 
(1995) compared bird abundances among drainages with different levels o f forest 
fragmentation. Landscape-level studies have begun to document the importance o f 
habitat variables measured over broad scales to avian distributions.
With the recent increase in landscape-level studies, researchers have questioned 
whether landscape or microhabitat variables are more important in understanding
3
observed distribution patterns (Pearson 1993). In fact, habitat variables can be important 
at multiple scales (Morris 1984,1987, Gutzwiller and Anderson 1987, Virkkala 1991, 
Bergin 1992, Steele 1992, Vander W erf 1993), and the decision to settle may be a 
hierarchical process (Hilden 1965, Hutto 1985). Birds may first select territories within 
suitable macrohabitat, and then suitable nest sites within suitable territories (Hilden 
1965). This is supported by studies such as Bergin's (1992), where Western Kingbirds 
{Tyrannus verticalis) used suitable nest sites that occurred only within suitable 
macrohabitat. If  habitat selection occurs during a hierarchical process, conducting both 
microhabitat and broad-scale analyses may provide more insight into a species 
distribution than an analysis conducted at any single scale (Karr 1983), and habitat 
variables may be more meaningful when finer scales o f observation are nested 
hierarchically within broader scales (Maurer 1985, Wiens 1987, Vander W erf 1993).
Studying habitat use at multiple scales may be especially important to 
understanding the distribution o f patchily-distributed species, such as the Flammulated 
Owl (Otus flammeolus). Flammulated Owls occupy some areas o f suitable microhabitat, 
while leaving other areas with similar stand structure vacant (McCallum 1994). Previous 
studies provide detailed information about nest trees/sites (Bull 1990, McCallum and 
Gehlbach 1988), and home ranges (Reynolds and Linkhart 1992, Goggans 1986) used by 
Flammulated Owls in Oregon, New Mexico, and Colorado; however, the patchy 
distribution o f Flammulated Owls has not been explained by differences at the 
microhabitat or home range scales. Results of microhabitat studies help explain bird 
distribution within occupied landscapes, but cannot be extrapolated to explain
distributions within and across regions containing both occupied and unoccupied 
landscapes. There has been no attempt to determine whether broad-scale variables 
provide insight into observed Flammulated Owl distributions across landscapes. Studies 
that include both landscape and microhabitat variables may help explain why apparently 
suitable microhabitat is unoccupied (Bergin 1992); an understanding of why apparently 
suitable habitat is vacant may facilitate the development o f effective conservation 
strategies.
As an insectivorous Neotropical migratory species, the Flammulated Owl is 
unique among forest owls in the northern Rocky Mountains. Flammulated Owls breed 
from British Columbia south to Mexico, and from the Pacific Coast mountains east into 
the Rocky Mountains (Reynolds and Linkhart 1992). They have recently been observed 
nesting at the northeastern edge o f their geographic range in western Montana (Holt et al.
1987), where little is known about their distribution and habitat use.
Flammulated Owls in the central Rocky Mountains (Hayward 1986, Reynolds and 
Linkhart 1992) and Blue Mountains (Bull et al. 1990) predominantly nest and forage in 
old-growth ponderosa pine/Douglas-fir (Pinus ponderosa/Pseudotsuga menzieseU) 
forests, suggesting Flammulated Owls that breed within the geographic range o f 
ponderosa pine may depend on the ponderosa pine ecosystem. This ecosystem has been 
heavily altered by past forest management in the northern Rocky Mountains. The 
removal o f overstory ponderosa pine since the early 1900's, and nearly a century of fire 
suppression, have led to the replacement o f most old-growth ponderosa pine/Douglas-fir 
forest by younger forest with a greater proportion of Douglas-fir than ponderosa pine
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(Habeck 1990). Partly because old-growth ponderosa pine is rarer in the northern Rocky 
Mountains than it was historically, the U.S. Forest Service has listed the Flammulated 
Owl as a sensitive species in Montana and adjacent portions o f Idaho (USDA 1994).
National Forests in west-central Montana, such as the Bitterroot and Lolo 
National Forests, are proposing to restore old-growth ponderosa pine forests by removing 
Douglas-fir from mixed ponderosa pine/Douglas-fir stands, to increase the proportion o f 
ponderosa pine and open the understory. Large-scale alteration o f current forest 
conditions can be expected to change the bird communities inhabiting ponderosa 
pine/Douglas-fir forests. Because Flammulated Owls in Colorado, Oregon, and Montana 
nest predominantly in old ponderosa pine/Douglas-fir forests (Reynolds and Linkhart 
1992, Bull et al. 1990, Goggans 1986), this species may be affected by proposed 
ponderosa pine ecosystem restoration actions.
In this study, 1 described the distribution o f Flammulated Owls in portions o f the 
Bitterroot and Lolo National Forests o f west-central Montana, and analyzed habitat use at 
four spatial scales. With this multi-scale approach, 1 compared used and unused habitat 
by measuring forest stand composition and structural variables within the traditional 
microhabitat scale o f 11.3-m-radius plots, and by quantifying landscape composition 
within three landscape scales. Additionally, to gain insight into whether Flammulated 
Owls might use habitat hierarchically (i.e. select suitable microhabitat only within 
suitable landscapes), 1 conducted three separate analyses o f microhabitat data. A 
nonhierarchical analysis that compared used and unused microhabitat plots across the 
entire study area was compared to two hierarchical analyses, one which compared used
6
and unused plots that occur only in occupied landscapes, and a second which compared 
used and unused plots that occurred only in landscapes with an abundance o f owls. If  
Flammulated Owls search for suitable microhabitat, regardless o f the landscape in which 
it occurs, the nonhierarchical model should do as well at classifying used and unused 
microhabitat plots as the hierarchical model, and no difference should be detected 
between used and unused landscapes. Alternatively, if  Flammulated Owls select habitat 
hierarchically, using suitable microhabitat that occurs only within suitable landscapes, the 
hierarchical model should have a greater ability to classify used and unused plots, and 
differences should be detected between used and unused landscapes.
Results o f this study may help explain the absence of Flammulated Owls from 
suitable microhabitat, and provide distribution and habitat use data pertinent to the 
conservation o f this species in the northern Rocky Mountains. Developing a clear 
definition o f suitable habitat at a variety o f scales may provide insight into where to most 
effectively conserve and restore Flammulated Owl habitat, and on the potential effects of 
proposed forest management and restoration activities in the ponderosa pine ecosystem.
STUDY AREA
The 656,317-ha study area surrounded the Bitterroot Valley, south o f the city o f 
Missoula, Montana (Figure 1). The study area included the confluence o f the Bitterroot 
and Clark Fork Rivers at the north end, and the confluence o f the East and West Forks of 
the Bitterroot River in the southern portion o f the study area.
The study area consisted o f two topographically distinct regions, separated by the 
Bitterroot Valley. Along the eastern front o f the Bitterroot Mountains, glacially-carved 
peaks and valleys comprised a series o f steep east- and west-running canyons that drained 
from the west into the Bitterroot River. These mountains were predominantly 70-100 
million-year old metamorphic rock and granite. In contrast, the Sapphire Mountain 
Range, east o f the Bitterroot River, was lower in elevation than the Bitterroot Mountains, 
with gentler-sloping hills consisting o f sedimentary rock with occasional granite 
intrusions. Study area elevation ranged 939-3084 m.
Weather in the study area consisted o f cool wet springs, warm dry summers, and 
cold wet winters. Most precipitation fell as snow in January, with the second greatest 
period o f moisture occurring as rain during May and June, early in the Flammulated Owl 
breeding season. Average precipitation and temperature varied greatly with elevation and 
topography, and the Bitterroot Mountains received more precipitation than the Sapphire 
Mountains. Average annual precipitation ranged from 33 cm at the Bitterroot Valley 
bottom to 175 cm at the crest o f the Bitterroot Mountains. January was generally the 
coldest month, with average daily temperatures ranging from - 10-2  °C in the valley 
bottom. July was usually the warmest month with average daily temperatures ranging 7-
8
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Figure 1. Study area location and topography, showing three general regions 
based on topographic and vegetative differences.
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29 °C in the valley bottom. Above the valley bottom, temperature decreased at an 
average rate o f 1.7 °C per 305 m elevation gain (Finklin 1983).
With the exception o f a strip o f cottonwood {Populus trichocarpd) and ponderosa 
pine forest along the Bitterroot River, the Bitterroot Valley bottom was nonforested 
(Figure 2). The predominantly urban and agricultural land in the valley bottom graded 
into grassland (e.g., Agropyron spicatum, Festuca idahoensis, Festuca scabrella, Bromis 
tectorum, Centauria maculosa, Balsamorhiza sagittata) and xeric shrubland {Purshia 
tridentata, Artemesia spp., Cercocarpus ledifolius), and then forested land with 
increasing elevation. Xeric grassland and shrubland were most abundant around 
Missoula, the Sapphire Mountains, and along the East and West Forks o f the Bitterroot 
River, and less abundant along the Bitterroot Front. Overall, low elevation ridge tops and 
south-facing slopes in the study area were characterized by a mosaic o f xeric grassland, 
xeric shrubland and relatively low canopy cover ponderosa pine/Douglas-fir forest with a 
xeric grassland understory, whereas low elevation north-facing slopes and shallow draws 
contain more contiguous Douglas-fir forest with a moister understory (e.g., Physocarpus 
malvaceus, Symphoricarpos albus, Calamagrostis rubescens). With increasing elevation, 
cooler temperatures, and increasing site moisture, ponderosa pine/Douglas fir forests in 
the study area were replaced by higher canopy cover Douglas-fir forest, or Douglas- 
fir/W estem larch (JLarix occidentalis) forest in the north half o f the study area, with a 
mesic understory (e.g., Vaccinium spp., Linnea borealis, Arctostaphylos uva-ursi), and at 
approximately 1950 m elevation, mesic coniferous forests containing lodgepole pine 
{Pinus contorta), subalpine fir {Abies lasiocarpa), and Englemann spruce {Picea
10
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Figure 2. D istribution o f  cover types in the study area, based on the U niversity o f 
M ontana W ildlife Spatial Analysis Lab classification o f  Landsat TM  data.
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engelmanni). The highest elevation forest zone was composed o f alpine larch {Larix 
lyaHii), subalpine fir, and whitebark pine {Pinus albicauUs). Low elevation canyon 
bottoms in the Bitterroot Mountains were similar to higher elevation forest, composed of 
predominantly o f strips o f Engelmann spruce and subalpine fir. The 656,317-ha study 
area contained approximately 145,000 ha o f low/moderate canopy cover (<70%) 
ponderosa pine/Douglas-fir forest, the forest type frequently inhabited by Flammulated 
Owls in Colorado and Oregon.
Based on varied topographic and vegetation patterns, I divided the study area into 
three regions (Figure 1). The Bitterroot Front contained more high elevation barren land, 
broadleaf forest and mesic shrubland, and less xeric shrubland and grassland than the rest 
o f the study area. Outside the topographically distinct Bitterroot Front, the Lolo region 
was more mesic than the Bitterroot Southeast. The Lolo portion o f the study area 
contained more western larch, more high canopy cover (>69%) Douglas-fir forest, and 
less xeric shrubland than the Bitterroot Southeast region.
Most o f the forest in the study area occurred on public land and was managed by 
the Bitterroot National Forest; however, portions o f the study area were managed by the 
Lolo and Deerlodge National Forests (Figure 3). The study area consisted o f three 
management zones: 1) unharvested, higher-elevation forest in the Selway-Bitterroot 
W ilderness area, 2) forest managed for timber production on National Forest land outside 
the wilderness, and 3) forest managed for timber production on private land. Historic 
timber management outside the wilderness, where most o f the ponderosa pine/Douglas-fir 
forest occurred, had created a matrix o f forest interspersed with a variety o f even- and
12
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Figuré 3- Location o f  National Forest land within the study area.
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uneven-aged harvested stands. Even-aged timber management, particularly along the 
Bitterroot Front, had created young, single-storied stands o f ponderosa pine without large 
ponderosa pine trees or snags, while uneven-aged management had created multi-storied 
stands throughout the study area vvith varying numbers o f large ponderosa pine, Douglas- 
fir, and snags.
Concern over the effects o f fire suppression on forest communities in the northern 
Rocky Mountains is increasing. Fire scar evidence indicates that ponderosa pine {Pinus 
ponderosa  var. scopulorum) forests burned approximately every 1-30 years prior to 
suppression, preventing contiguous understory development and thus, maintaining 
relatively open ponderosa pine stands (Amo 1988, Habeck 1990). Clearcut logging and 
subsequent reforestation methods have converted many older stands o f ponderosa 
pine/Douglas-fir to young structurally-simple ponderosa pine stands (Wright and Bailey 
1982), particularly along the east front o f the Bitterroot Mountains. In old forests that 
retain a ponderosa pine overstory, a century o f fire exclusion has permitted development 
o f a more contiguous dense Douglas-fir (Pseudotsuga menziesii var. glauca) understory 
(Mutch 1993). Thus, human-caused fire suppression and timber harvest over the past 
century have allowed for the establishment o f more Douglas-flr in ponderosa pine forests 
than would have been maintained by the pre-European settlement fire regime (Amo
1988). U.S. Forest Service personnel entrusted with the management o f public forests are 
currently investigating techniques to remove understory Douglas-flr and retum pre- 
European settlement fire regimes to ponderosa pine ecosystems (Mutch et al. 1993).
M ETHODS  
Flammulated Owl distribution
As a Neotropical migratory species, the Flammulated Owl nests later than resident 
forest owls in the northern Rocky Mountains. Previous studies have documented 
vocalizations beginning the first week o f May (Reynolds and Linkhart 1987, Bull et al. 
1990), territory occupancy and nest selection by late May, clutch completion in early 
June, hatching by the end of June, and fledging by the end of July (Goggans 1986, 
Hayward 1986, Reynolds and Linkhart 1987, Atkinson and Atkinson 1990). One field 
assistant and I conducted owl surveys during the 1994 breeding season, from 13 May to 
16 July 1994, and three field assistants and 1 conducted owl surveys during the 1995 
breeding season, from 14 May to 18 July 1995.
Surveys were conducted along transects at points every 480 m (Figure 4), the 
maximum distance within which Flammulated Owls can usually be heard (Howie and 
Ritcey 1987, Bull et al. 1990). Survey points were established along 67 transects on U.S. 
Forest Service secondary roads and trails in the ponderosa pine/Douglas-fir forest zone of 
portions o f the Bitterroot, Lolo, and Deerlodge National Forests in west-central Montana 
(Figure 5). Thirty-eight o f these transects were surveyed in 1994. Twenty-one were 
resurveyed and an additional 29 transects were surveyed in 1995. Transect length varied 
depending on the distance the road/trail passed through the ponderosa pine/Douglas-fir 
forest elevational zone because transects were usually terminated at high elevations when 
the surrounding forest contained <50% ponderosa pine and Douglas-fir. To ensure roads 
and trails in different portions o f the study area were surveyed throughout the breeding
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Figure 4. Sam ple transect w ith  survey poin ts spaced every 480 m.
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Figure 5. Distribution of transects (white) in the study area.
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seasons, transects were stratified by U.S. Geological Survey quadrangle maps, and 
quadrangle maps were surveyed in a random order.
Surveys began 30 min after sunset, concluded within 4.5 hr o f sunset, and were 
limited to nights without the noise o f consistent rain or wind >12 km/hr. Survey points 
were each visited for 6 min, including a 2-min listening period, 1 min broadcast o f taped 
Flammulated Owl vocalizations, and 3 min of post-broadcast listening. Taped 
vocalizations were not broadcast if  owls were detected during the initial listening period. 
Temperature, precipitation, cloud cover, wind speed, and moon phase were recorded 
during all surveys. When owls were detected, we recorded whether they were solicited by 
the tape, and the number o f minutes into the listening period they were heard. We 
mapped their locations by walking as close to the song trees as possible, or triangulating. 
Our distance from the song tree was recorded.
Flammulated Owls are extremely vocal during the breeding season; especially 
prior to the onset o f incubation. Because owl vocalization patterns vary throughout the 
breeding season, depending on factors such as breeding phenology, local weather, and 
breeding status, transects were surveyed in a random order throughout the season.
To determine whether owl presence during this study was consistent at points 
along occupied transects, transects with multiple owl detections were surveyed at least 
twice each year. Because owl presence at points along occupied transects varied between 
visits, more occupied transects were surveyed in 1995 than 1994, and 1995 transects 
included 1994 transects, presence at points along occupied transects was based on the 
first 2 visits in 1995. Although points along occupied transects were visited twice in
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1995, some visits were discarded due to high wind or creek noise. As a result, 2% o f the 
points (16 o f 1004) had only one usable 1995 visit; presence for these points was based 
on a combination o f the first 1995 and first 1994 visits.
To determine whether points along transects without owl detections contained 
owls during subsequent visits, 22% of the transects (6 o f 27) without detections in early 
1994 were resurveyed from 16 June to 16 July 1994, and 37% of the transects (10 o f 27) 
without detections in 1994 were resurveyed from 18 May to 15 July 1995. Eight o f 10 
transects resurveyed in 1995 were different than the six transects resurveyed in 1994. 
Thus, 52% o f the 27 transects without owl detections in 1994 were surveyed twice, and 
11% were surveyed 3 times throughout the two-year study period. Routes resurveyed in 
1994 were selected because they appeared to have the greatest amount o f suitable habitat 
based on results o f previous microhabitat studies; transects resurveyed in 1995 were 
randomly selected.
With the exception o f one point in proximity to occupied transects, unoccupied 
points along transects without owl detections on the first visit did not contain owls on 
repeat visits, while unoccupied points along occupied transects sometimes contained owls 
during repeat visits. Thus, owls were more likely to be detected during subsequent visits 
at unoccupied points along occupied transects than at unoccupied points along 
unoccupied transects. Because absence was consistent between visits to unoccupied 
transects, and some unoccupied 1994 transects were not resurveyed in 1995, presence at 
points along unoccupied transects was based on the first visit after 18 May in the year that 
transect was first surveyed. The eighteenth o f May was chosen as the earliest usable date
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because many owls were not vocally active before this date in 1995, and transects with 
owls were not surveyed prior to 18 May 1994. Presence at the transect-level was also 
based on the first visit after 18 May.
During each spring, a single early-season storm brought cold temperatures and 
snow to the valley floor. The night after these storms, owls at known locations would not 
respond to taped broadcast vocalizations. These individuals were probably busy feeding 
to avoid starvation (McCallum 1994), and surveys on these nights were omitted when 
assigning presence/absence to survey points.
Variation in owl presence at survey points had the potential to dilute microhabitat 
differences between occupied and unoccupied points along occupied transects. However, 
differences detected among occupied and unoccupied microhabitat plots would probably 
have been stronger with a clearer distinction between occupied and unoccupied plots. 
Broad-scale landscape analyses were unaffected by among-point variation in presence 
because there was virtually no variation in owl presence between visits to transects. 
Because Flammulated Owls tended to occur in clusters, and because transects without 
owl detections on the first visit remained unoccupied on repeat visits, it is unlikely that 
points along transects classified as absent contained owls during the study period.
Owls were assigned unique identification numbers by plotting all locations on 
topographic maps and reviewing field notes for documentation o f owls hooting 
simultaneously. These unique identification numbers were used to count the number of 
separate owls detected. Each owl was represented by one microhabitat plot location, and
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mean nearest-neighbor distances were calculated for each transect by using a GIS to 
measure distances between adjacent owls along that transect.
M icrohabitat metrics
Microhabitat data were collected in 0.04-ha plots (James and Shugart 1970, Noon 
1981) centered within 30 m o f song trees, from August-October 1994 and July-November 
1995. Microhabitat data were also collected for every fourth point, regardless o f owl 
presence, along all transects with owl detections, and 16 (40%) of the 40 transects 
without owl detections. To increase the number o f unoccupied plots sampled along 
occupied transects, microhabitat data were also collected for all points along six transects 
where more than two owls were detected. Plots at points without owl detections were 
located using random compass directions and distances, corrected for unequal area farther 
from the circle center. Random plots were located within the same maximum distance of 
survey points as most occupied plots (approximately 100 m).
Microhabitat data were measured within 11.3-m fixed-radius circular plots (0.04 
ha), centered on Flammulated Owl song and random locations. Discrete forest structural 
variables measured included habitat type (Pfister et al. 1977), cover type, number o f tree 
canopy layers (>4 m between layers), and the number o f trees in each diameter class (0- 
23, 23-38, 38-53, 53-68, >68 cm, at 1.4 m above ground) for each tree species class 
(ponderosa pine, Douglas-fir, other conifer species lumped). For each species class, the 
number of trees >38 cm in diameter was combined because the number o f larger trees 
was too low to analyze. Habitat type categories (Appendix A) were based on the 
abundance o f tree/shrub/herbaceous plant species indicative o f site moisture, while cover-
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type categories (Appendix B) were based on the tree species composition and structure 
(i.e. old-growth, mature, selectively harvested, or young ponderosa pine/Douglas-fir; 
other coniferous forest types and structural stages lumped into a single type). Percent 
canopy cover and maximum tree diameter were measured as continuous variables within 
the plot. The proportion of ponderosa pine was calculated by dividing the number of 
ponderosa pine trees by the total number o f trees in the plot. Percent canopy cover was 
estimated with a spherical densiometer at 4 equidistant locations 4.6 m from the plot 
center. Topographic features measured included topographic position (ridge top, upper 
third o f slope, middle third of slope, lower third o f slope, valley bottom), slope, aspect, 
and elevation. Slope and aspect were measured from the uphill edge o f the plot facing the 
plot center, and elevation was recorded from topographic maps. Live basal area (tree 
volume in ft^) was measured as a continuous variable in variable-radius circular plots 
centered in the 11.3-m radius plots with a Relaskop.
Snags <38 cm dbh were counted within the 11.3-m plot, and snags >38 cm dbh 
were counted within 50 m of plot center. Because densities o f large snags (>38 cm dbh) 
were low in the study area, large snag density was also estimated ocularly within 
approximately 2 acres o f each plot (low = 0, medium = 1-2, high >= 2 snags).
Percent cover (0, <1, 1-5, 5-25, >25) o f shrub/grass/forb indicator species (Pfister 
et al. 1977) (Appendix C), ground, wood, rock, total shrub cover, total shrub height, and 
shrub/grass/forb height category (0-0.5, 0.5-1.0, 1.0-1.5, >1.5 m) were estimated within a 
4.6-m fixed-radius subplot centered in the 11.3-m plot. Shrub/grass/forb indicator 
species that were significantly associated with owl presence, using Chi-square and
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Bonferroni multiple comparisons tests, were lumped into moist-site indicators 
(Vaccinium  spp., Linnaea borealis, Salix spp., Smilacina stellata, Thalictrum occidentale, 
Spiraea betulifolia) and dry-site indicators (Balsamorhiza sagittata, Festuca spp.) based 
on negative or positive associations with owl presence, respectively. Then owl presence 
was compared to the presence o f moist-site indicators and o f dry-site indicator plant 
group.
Hierarchical vs. nonhierarchical analyses
Using a traditional, nonhierarchical analysis o f microhabitat data, data collected 
around 48 song locations from separate owls were compared to data collected from the 
120 unoccupied, random plots collected throughout the study area. Based on the concept 
that avian habitat selection may occur along a hierarchy o f scales from broad to fine 
(Hutto 1985), I also employed two hierarchical analyses of microhabitat use, comparing 
48 occupied plots to 61 unoccupied plots that occurred only along occupied transects, and 
the 45 occupied plots to the 33 unoccupied plots that occurred only along transects with 
an abundance of owls (Figure 6).
The three analyses o f microhabitat data (nonhierarchical, hierarchical within 
occupied transects, and hierarchical within transects containing owl clusters) were 
conducted by building logistic regression models to differentiate among used and unused 
microhabitat plots, with the microhabitat variables cover type and habitat type. These 
two variables were selected because Flammulated Owl associations with these two 
variables reflected owl associations with other microhabitat variables. The percent o f 
plots correctly classified were compared for these three microhabitat analyses.
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Owls present 
Owls absent
Owls presentOwls absent Owls abundant
a) Nonhiearchical analysis of plots on both occupied and unoccupied transects
Owls abundant
b) Hiearchical analysis of plots only on occupied transects
Owls present
Owls abundant
c) Hiearchical analysis of plots only on transects with owls abundant
Figure 6. Microhabitat plots included in each of three logistic regression models.
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Landscape metrics
Landscape data were compiled using UNIX ARC/INFO. Locations o f transects, 
survey points, and habitat plots were transcribed from aerial photographs into ARC/INFO 
coverages, using raw Landsat TM imagery as a background layer during transcription.
Landscape scales. Landscape composition data were analyzed at 3 landscape 
scales: home range, transect, landtype polygons (Figure 7). Landtype polygons, 
delineated by the U.S. Forest Service based on landform and parent-material, were used 
for the broadest, topographically-delineated scale (Figure 8). Polygons ranged from 521 
to 4257 ha in size, with a median size o f 1874 ha {n = 22). Landscapes at this scale were 
only compared within the Bitterroot Southeast portion o f the study area (Figure 1), where 
unoccupied landscapes were in proximity to occupied landscapes. Each polygon used for 
this analysis had been surveyed for owls in at least 44% o f the landscape. 
Presence/absence was based on the portion o f the polygon surveyed. Landscapes in 14 
occupied polygons were compared to landscapes within 8 unoccupied polygons. There 
was no overlap among landtype polygons.
At the transect scale, landscapes were defined by 480-m buffers around transects. 
This distance represented the estimated Flammulated Owl detection distance, resulting in 
960-m-wide landscapes with a mean size of 56.29 ha (SD = 18.74, n = 36, range 19-95 
ha). Like the landtype polygon scale, these landscapes were large enough to contain 
territories o f multiple owls. Because these landscapes were variable in size, and 
landscape composition is known to vary with landscape size (Turner et al. 1989, Hart 
1994), abundances o f vegetation cover types were compared to landscape size. Within
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Figure 7. Analysis scales, including microhabitat and three landscape scales:
1) landtype polygons based on landform and parent material, 2) transect based  
on ow l detection distance, 3) estimated hom e range around microhabitat plots.
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Figure 8. Distribution of landtype polygons analyzed on the Bitterroot National Forest. 
Polygons were delineated by U.S. Forest Service based on landform and parent material.
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the Bitterroot Southeast region, there was no correlation between cover types and 
landscape size. Used and unused landscapes at this scale were compared only within the 
Bitterroot Southeast region o f the study area (Figure 5), where unoccupied transects were 
in proximity to occupied transects. Overlap among landscapes at this scale was rare. 
Landscapes around 21 occupied transects were compared to 15 unoccupied landscapes.
For the home range analysis, landscapes were defined as 239-m-radius circles, 
centered on microhabitat plot centers. Home-range landscapes were all 18 ha, 
representing 1.5 times the average home range size reported for Flammulated Owls 
(Goggans 1986, Reynolds and Linkhart 1987). To ensure that all landscapes for the home 
range analysis had the potential to be occupied, this analysis was only conducted around 
plots that occurred along occupied transects. While most microhabitat plots (home range 
centers) were >239 m apart, 10 pairs o f plots occurred within 239 m (range 46-198 m) of 
each other. These plots either contained different individual owls, or an occupied and an 
unoccupied plot. Thus, some home range landscapes overlapped.
Geographic databases. Landscape-level habitat variables were extracted from two 
separate geographic databases. The first was the University o f Montana Wildlife Spatial 
Analysis Lab (WSAL) classification of Landsat TM data for scenes P41/R27 and 
P41/R28, acquired 20 July 1991. The WSAL used an unsupervised process to delineate 
raster polygons based on spectral similarity o f Landsat TM bands 3-5, with a minimum 
mapping unit o f 2 ha (22 30-m^ pixels). Then, during a supervised process, the WSAL 
used ground-truth data to assign vegetative cover types (Appendix D) o f known spectral 
signatures to spectral polygons (Ma et al. In Prep.). The WSAL also assigned canopy
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cover classes to polygons containing forest cover types (defined by >14% tree cover), 
based on a normalized difference vegetation index modified for Landsat TM data 
(MNDVI) (Nemani et al. 1993).
I combined the WSAL cover type and canopy cover classifications to create a 
cover-type grid o f the study area (Table 1, Figure 2). Based on previous studies that 
indicated Flammulated Owls respond to canopy cover (Bull 1990), forest types occupied 
by Flammulated Owls (ponderosa pine, Douglas-fir, and mixed xeric forests where both 
species were co-dominant) were divided into three canopy cover classes: low (15-39%), 
moderate (40-69%), and high (>69%). Ponderosa pine and mixed xeric stands contained 
low and moderate (<70%) canopy closure in the WSAL classification, while Douglas-fir 
forest contained all three canopy classes. Other coniferous forest cover types and canopy 
classes were lumped into a single forest type. Nonforest land was separated into 
meadows (herbaceous >1523 m elevation), grassland (herbaceous <1524 m elevation), 
mesic or xeric shrubland (>14% shrub cover), agriculture, urban, and barren lands (<15% 
total vegetation cover). Other cover types in the study area included broadleaf forest, 
water, and cloud/cloud shadow. Though present in the study area, cloud/cloud shadow 
was absent from all landscapes delineated during this study.
In addition to the WSAL grid, which contained data on landscape floristic 
composition for the study area, I used finer-scale data to separate forest types into size 
classes. Forest type and size class data for this grid were obtained from the Bitterroot 
National Forest Timber Stand Management Record System (TSMRS) database and 
associated GIS stand polygon data for the portion of the study area that occurred on or
29
Table 1. Percent occurrence o f cover types in the study area, based on The University o f 
M ontana Wildlife Spatial Analysis Lab classification o f  Landsat TM data.
Cover type Percent
urban 1
agricultural 5
grassland 10
subalpine meadow 3
alpine meadow 0
mesic shrubland 3
xeric shrubland 4
broadleaf forest 3
low canopy ponderosa pine 5
moderate canopy ponderosa 2
high canopy ponderosa pine 0
low canopy Douglas-fir 4
moderate canopy Douglas-fir 9
high canopy Douglas-fir 2
low canopy mixed xeric 1
moderate canopy mixed xeric 2
high canopy mixed xeric 0
other conifer forest types 38
barren 7
water 0
cloud and cloud shadow 0
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near the Bitterroot National Forest (BNP). GIS stand polygons associated with the 
TSMRS database had been delineated by BNP employees on aerial photographs, with a 
minimum mapping unit o f 0.4 ha (5 30-m^ pixels). Size class codes (seedling, sapling, 
pole, mature, and multisized) had been assigned to polygons based on aerial photograph 
interpretation by BNP employees in the early 1980's, and updated with field stand 
examination data when available. Harvest activities, including those that affected size 
class were recorded in the TSMRS database, including harvest type and harvest year 
(USDA Forest Service 1994). I used the harvest activity codes to check size class 
attributes, ensuring stands that had been recently harvested with a regeneration 
prescription (clearcut, seed tree, group selection) did not have a size class greater than 
seedling. To do this, I recoded stands with regeneration harvest activities that occurred 
after 1985, in >50% o f the total stand polygon acres, and had size class greater than 
seedling in the TSMRS database to nonforested openings. All forest types in the seedling 
size class were lumped, and the mature, sapling, and pole size classes were separated into 
ponderosa pine/Douglas-fir or other conifer using the TSMRS data. Canopy cover was 
used from the WSAL database to further separate ponderosa pine/Douglas-fir cover types 
into the same canopy cover classes as the WSAL grid (Table 2, Figure 9). In the TSMRS 
grid, I separated nonforest land into natural openings (meadows, grass, shrub, and barren 
lands lumped) and created openings (regeneration harvest units prior to the establishment 
o f a seedling size class). TSMRS data were not available for all portions of the study 
area, so landscapes were omitted from this analysis if they were missing data for >25% of 
the landscape.
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Table 2. Percent occurrence o f cover types in the study area, based on the Timber Stand 
Management Record System size-class grid.
Cover type Size class Percent
natural opening* 6.57
created opening^ 3.68
seedling^ 5.02
ponderosa pine/Douglas-fir forest
sapling 1.87
pole^ 6.65
other conifer forest
mature^ 42.67
sapling"* 5.02
pole^ 8.39
mature* 11.89
^meadows, grasslands, shrublands 
^unforested clearcuts, seed tree, and group selection units 
^seedling: <2.5 cm dbh 
"^sapling: 2.5-12.6 cm dbh 
^pole: 12.7-22.9 cm dbh 
^mature: >22.9 cm dbh
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Figure 9. Distribution o f cover types in grid based on U.S. Forest Service Timber 
Stand Management Record System size-class data.
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Landscape composition data were summarized using the WSAL cover-type grid I 
created (Table 1) for each o f the three landscape scales, and the TSMRS size-class grid I 
created for the home range scale.
I also derived slope and aspect grids o f the study area from 7.5' USGS Digital 
Elevation Models (DEMs). The aspect grid was categorized into eight 45-degree 
intervals, starting with 1 degree. Mean elevation, mean slope, and percent composition of 
each aspect category were compared among occupied and unoccupied home ranges. 
Elevation and slope were categorized for the transect-level analyses because landscapes at 
this scale were topographically too variable for mean values to be meaningful. Elevation 
was separated into 2 categories (<1854 m or >1853 m) based on the highest elevation 
(1853 m) at which Flammulated Owls were observed during this study, and slope was 
separated into 6 categories (1-10, 11-20, 21-30, 31-40, 41-50, >50 percent) similar to 
Goggans' (1986). At the transect scale, percent composition o f elevation, slope, and 
aspect category was compared among occupied and unoccupied landscapes.
Landscape data accuracv. I conducted accuracy assessments on each of the two 
geographic cover-type grids. Because most o f my field plots were used to build the 
WSAL cover type classification, and my field plots were predominantly ponderosa 
pine/Douglas-fir, I used data from the error matrix constructed by the WSAL on the scene 
(P41/R28) which encompassed most o f my study area to assess the accuracy of the 
WSAL grid. I consolidated the WSAL accuracy data to construct an error matrix for 
cover types that occurred in the modified cover-type grid built for my study area. The 
percent o f the classified data points that correctly represented ground-truth points (i.e.
34
user's accuracy) and the percent o f the ground-truth points that were correctly classified 
(i.e. producer's accuracy) were calculated for each cover type, and an overall accuracy 
was calculated by weighting the percentage of each cover type by the percent o f the 
Landsat TM scene that cover type comprised, and summing weighted percentages for all 
cover types (Story and Congalton 1986, Redmond et al. 1996). Using 795 test plots, the 
WSAL classification o f scene P41/R28 had an overall accuracy o f 59%, with more 
confusion within than among life forms. Lumping all forest types, 89% of the test plots 
correctly occurred within lands classified as forest (Redmond et al. 1996). Thus, while 
the ponderosa pine/Douglas-fir forest type was only 50% accurate, it was most commonly 
confused with other coniferous forest types. O f 164 test plots, tree canopy class was 51% 
accurate.
I used 202 o f my microhabitat field plots to conduct an accuracy assessment o f 
ponderosa pine/Douglas-fir forest in the TSMRS size-class grid. The overall accuracy of 
the TSMRS grid could not be calculated because 61% o f the 202 reference plots were 
mature ponderosa pine/Douglas-fir, and the remaining reference plots were sparsely 
distributed among other cover-type categories. In the classified grid, 78% o f the mature 
ponderosa pine/Douglas-fir class was correctly classified (producer’s accuracy); 
misclassification o f this cover type consisted o f areas that should have been classified as 
sapling/pole ponderosa pine/Douglas-fir (11%), mature other conifer (6%), nonforested 
openings (3%), seedling (1%), and other conifer pole/sapling (1%). Similarly, 83% of the 
mature ponderosa pine/Douglas-fir reference plots were correctly classified (user’s 
accuracy). Eight percent o f these plots were misclassified as the sapling/pole ponderosa
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pine/Douglas-flr cover type, 5% were misclassified as nonforested openings, 4% as the 
seedling cover type, and 1% as sapling/pole other conifer.
Statistical Analyses
Statistical analyses were conducted using SPSS for Windows. For each scale, 
univariate analyses (Mann-Whitney U, Chi-square) tested independent habitat variables 
against owl presence, and the Bonferroni multiple comparison test was used to set the 
acceptable p-value. Acceptable p-values were 0.0017 for microhabitat data (30 tests, 
Mann-Whitney U and Chi-square), 0.0056 for WSAL data (9 tests, Mann-Whitney U), 
and 0.0042 for TSMRS data (12 tests, Mann-Whitney U). Pearson’s correlation 
coefficient was used for correlation assessments, and logistic regression was used for the 
comparison o f hierarchical and nonhierarchical analyses of microhabitat data.
RESULTS 
Flammulated Owl distribution
While owls may have been vocal earlier, the first transect with owls present was 
surveyed on 21 May 1994. In 1995, owls were heard by 14 May, but hooted more 
consistently after 17 May. O f 471 vocal detections over both years, 55% were 
unsolicited. This percentage was consistent throughout the season, with the exception of 
a peak vocalization period from 29 May to 4 June, prior to the onset o f incubation, when 
85% (49 o f 58) o f the vocal detections were unsolicited. Most owls stopped hooting by 
24 July, though some could still be solicited by taped vocalizations on 6 August.
One hundred twenty-one owls were detected along 40% o f the 67 transects 
surveyed. Eighty-one percent o f the owls were detected in the Bitterroot Southeast region 
o f the study area and 19% were detected in the Lolo region. While owls were present on 
40% o f the transects, 90% of the owls were clustered (>3 owls per transect) along 18% of 
the transects: nine transects in the Bitterroot Southeast and three transects in the Lolo 
region.
Mean nearest-neighbor distance between owls along transects with owl clusters 
was 552 m (n = 48 pairs along 7 transects, range 142-948 m) (Table 3). This distance 
was 2.9 times greater than on transects that contained only 2-3 owls each; the latter had a 
mean distance o f 1627 m {n  = 6 pairs along 4 transects, range 470 to 2569 m) (Table 3). 
Mean nearest-neighbor distance could not be computed for transects that contained one 
owl each.
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Table 3. Mean, standard deviation (SD), and range of nearest-neighbor distances between 
pairs o f territorial male owls, by transect. Sample size (N) represents the number o f 
distances measured between pairs o f territorial males. NA designates not applicable.
Transect Mean SD Range N
Burnt Ridge 462 173 198-710 6
Tolan 555 158 260-772 10
Mink Creek 435 289 137-715 3
Sula Peak 669 127 542-795 3
Robbings Gulch 559 191 239-948 19
W ood’s Gulch 550 437 49-856 3
Guide Creek 551 210 385-853 4
Rye Spring Gulch 975 791 254-1870 4
Warm Springs 1870 989 1171-2569 2
Moonshine 822 498 470-1175 2
Willow Creek 2463 NA 2463-2463 1
Brennan Creek 1915 NA 1915-1915 1
Bunch Gulch 479 NA 479-479 1
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M icrohabitat use
I collected microhabitat data within 30 m o f 48 song sites for separate owls, and at 
120 unoccupied, random sites throughout the study area. Sixty-one unoccupied plots 
occurred along occupied transects, and 59 occurred along unoccupied transects. 
Unoccupied plots were closer to roads than occupied plots (p = 0.002) because random 
directions tended to be at a smaller angle from the road than directions o f owls detected. 
Plots with owls averaged 64.9 m from roads (SD = 69. n -  44,7 m, « = 136, range 0-443 
m), while plots without owls averaged 44.9 m (SD -  89.9 m, w = 117, range 4-966 m).
When microhabitat use was analyzed nonhierarchically, across the entire study 
area, Flammulated Owls were significantly positively associated with the number of 
ponderosa pine trees >38 cm dbh, the proportion o f ponderosa pine trees (Table 4), and 
presence of the dry-site indicator species {Balsamorhiza sagitatta, Festuca spp.). The 
owls were negatively associated with the number o f other conifer trees <38 cm dbh 
(Table 4), total shrub cover, and presence of moist-site indicator species (Vaccinium  spp., 
Linnaea borealis^ Salix spp., Smiîacina stellata, Thalictrum occidentale^ Spiraea 
betulifolia).
Based on a hierarchical analysis that compared microhabitat data only along 
occupied transects, Flammulated Owls were positively associated with the number of 
snags >38 cm dbh, ponderosa pine trees >38 cm dbh, and live basal area (Table 5). 
Conversely, the presence o f moist forest indicator species {Vaccinium spp., Linnaea 
borealis, Salix spp., Smilacina stellata, Thalictrum occidentale. Spiraea betulifolia) was 
negatively associated with owl presence.
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Table 4. Descriptive statistics and p-values for continuous variables compared among 
plots occupied by Flammulated Owls and unoccupied plots throughout the study area. 
Variables were measured in 0.04-ha plots. The + or - sign following p-values of <0.05 
represents the direction of observed trends. P-values of <0.0017 represent significant 
differences based on the Bonferroni multiple comparisons test.
Variable
Owl Present Owls Absent
p-valueMean SD Range N Mean SD Range N
# PP <23 cm' 8.84 11.01 0-40 48 5.89 9.46 0-50 120 .0187-
# PP 23-38 cm' 1.96 2.69 0-11 48 1.07 1.92 0-10 120 .0187+
# PP >38 cm' 1.40 1.97 0-12 48 .53 .95 0-4 120 .0001+
# DF <23 cm' 7.68 9.61 0-42 48 11.78 16.09 0-99 119 .1561
# DF 23-38 cm' 2.60 2.70 0-10 48 1.72 2.19 0-10 120 .0460+
# DF >38 cm' .33 .72 0-3 48 .56 1.30 0-9 120 .4181
# OTH <38 cm' .50 3.46 0-24 48 4.02 12.08 0-103 120 .0002 -
# OTH >38 cm' .00 .00 0-0 48 .24 .92 0-7 120 .0235 -
# snags >38 cm' 1.34 1.95 0-11 47 .93 2.39 0-15 115 .0021+
#PP stumps >38 cm' .56 .94 0-3 39 .71 1.26 0-6 75 .8040
#DF stumps >38 cm' .23 .54 0-2 39 .70 1.24 0-5 76 .0384 -
Maximum dbh' (cm) 55 22 18-98 47 46 19 5-118 118 .0165+
Proportion of PP .57 .36 0-1 44 .37 .36 0-1 116 .0015+
Live basal area (ft*) 116 84 25-440 48 85 57 0-280 120 .0257+
Slope (degrees) 15 8 0-33 48 16 8 0-34 119 4991
Elevation (m) 1610 139 1207-1807 47 1553 173 1146-1932 116 .0233+
# = number
PP = ponderosa pine trees 
DF = Douglas-fir trees 
OTH = other conifer trees 
'diameter-at-breast height
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Table 5. Descriptive statistics and p-values for continuous variables compared among 
plots occupied by Flammulated Owls and unoccupied plots that occurred along occupied 
transects. Variables were measured in 0.04-ha plots. + or - following p-values of <0.05 
indicate the direction of trends observed. P-values of <0.0017 represented significant 
differences based on the Bonferroni multiple comparisons test.
Variable
Owl Present Owls Absent
p-valueMean , SD Range N Mean SD Range N
# PP <23 cm' 8.84 11.01 0-40 48 6.90 11.26 0-50 61 .1247
# PP 23-38 cm' 1.96 2.69 ■ 0-11 48 1.02 1.85 0-10 61 ,0430-h
# PP >38 cm' 1.40 1.97 0-2 48 .52 .96 0-4 61 .0009-h
# DF <23 cm' 7.68 9.61 0-42 48 11.46 15.47 0-87 61 .2289
# DF 23-38 cm’ 2.60 2.70 0-10 48 1.79 2.18 0-10 61 .0956
# DF >38 cm' .33 .72 0-3 48 .57 1.45 0-9 61 .6078
# OTH <38 cm' .50 3.46 0-24 48 102 1.85 0-10 61 .0164-
# OTH >38 cm' .00 .00 0-0 48 .02 .13 0-1 61 .3750
# snags >38 cm' 1.34 1.95 0-11 47 .38 .88 0-5 58 .0002+
#PP stumps >38 cm' .56 .94 0-3 39 .67 1.11 0-4 43 .7828
#DF stumps >38 cm' .23 .54 0-2 39 .67 1.11 0-4 43 .0304 -
Maximum dbh' (cm) 55 22 18-98 47 45 21 5-118 61 .0082+
Proportion of PP .57 .36 0-1 44 .40 .36 0-1 61 .0221 +
Live basal area (ft') 116 84 25-440 48 70 42 5-200 61 .0010+
Slope (degrees) 15 8 0-33 48 17 8 0-34 61 .2217
Elevation (m) 1630 140 1138-1829 47 1621 142 1394-1946 59 4010
# = number 
PP = ponderosa pine 
DF = Douglas-fir 
OTH = other conifer 
'diameter-at-breast height
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During univariate analyses, fewer microhabitat variables were significantly 
different, and most relationships were weaker in the hierarchical than the nonhierarchical 
analysis (Tables 4,5). In both analyses, the positive association with large trees and large 
snags was represented by a significant association between owl presence and the variable 
cover type, with owls using mature/old ponderosa pine/Douglas-fir forest types more than 
young or moist forest types (nonhierarchical G = 27.06, d f = 4, w = 156, p = 0.000; 
hierarchical G = 16.15, d f = 4, « = 103, p = 0.003) (Figure 10). Flammulated Owls also 
responded to habitat type, using xeric ponderosa pine/Douglas-flr habitat types rather than 
moist Douglas-fir or other conifer habitat types (nonhierarchical G = 33.41, d f = 5, w = 
157, p = 0.000; hierarchical G = 16.68, d f = 5, « “  104, p = 0.005) (Figure 11).
Eighty-two percent o f the exact song trees measured {n = 44) were ponderosa 
pine, and the remaining 18% were Douglas-fir. Song trees averaged 58 cm dbh (SD = 23, 
n = 44, range 18-104), and 24.8 m (SD = 7.4, n = 43, range 7.6-37.5) tall. Song tree 
diameter was positively correlated with the diameter o f the largest tree in the plot (r = 
0.92, « = 43, p = 0.000), and song trees were the same species (ponderosa pine) as the 
largest trees in occupied plots (G = 15.33, « = 44, p < 0.001).
Hierarchical vs. nonhierarchical analyses
Nearly half (48%) o f the mature/old ponderosa pine/Douglas-flr forest plots across 
the study area, which appeared suitable based on cover type, had no evidence o f owl 
occupancy. The percentage of plots with suitable cover types that were unoccupied 
decreased (34%) when microhabitat plots were analyzed hierarchically.
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Figure 10. Percent o f microhabitat plots in each cover type occupied by Flammulated Owls 
in a) a nonhierarchical analysis that compared plots throughout the study area, and b) a 
hierarchical analysis that compared plots only along occupied transects. PP/DF = ponderosa 
pine/Douglas-fir forest type. Structural stages for other coniferous forest types were lumped.
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Figure 11. Percent o f microhabitat plots in each habitat type occupied by Flammulated 
Owls in a) a nonhierarchical analysis that compared plots throughout the study area, and 
b) a hierarchical analysis that compared plots only along occupied transects. PP = ponderosa 
pine; DF = Douglas-fir. Xeric ponderosa pine and Douglas-fir habitat types, and mesic 
Douglas-fir and other conifer types were lumped.
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The nonhierarchical logistic regression model, which included all plots in the 
study area, correctly classified 95% o f the unoccupied plots, but only 27% of the 
occupied plots. In contrast, the hierarchical model that used microhabitat data only from 
occupied transects, correctly classified 75% of the unoccupied plots and 60% o f the 
occupied plots on occupied transects, and a second hierarchical model that used only 
microhabitat plots that occurred along transects with an abundance of owls correctly 
classified only 34% o f the unoccupied plots but 95% o f the occupied plots on transects 
with an abundance of owls (Figure 12). Thus, the hierarchical models had a greater 
ability to classify occupied plots based on owl presence, and the nonhierarchical model 
had a greater ability to differentiate among unoccupied plots.
Landscape habitat use
Within Bitterroot Southeast. Within the Bitterroot Southeast region, where 
unoccupied landscapes were in proximity to occupied landscapes, occupied landscapes at 
the landtype polygon scale contained a significantly greater proportion of low canopy 
cover (<40%) ponderosa pine/Douglas-fir forest than unoccupied landscapes (Table 6).
Though results were not significant, occupied landscapes at the transect scale 
contained a greater proportion o f moderate canopy (<70%) ponderosa pine/Douglas-fir 
forest and xeric shrubland, and a lower proportion o f other coniferous forest than 
unoccupied transects (Figure 13). A subset o f low/moderate canopy ponderosa 
pine/Douglas-fir, moderate canopy Douglas-fir forest was more abundant than other 
categories o f low or moderate canopy ponderosa pine or Douglas-fir forest, and was most
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Figure 12. Percentage of plots correctly classified for three logistic regression models based on microhabitat variables 
cover type and habitat type. The nonhierarchical model includes plots from the entire study area, and the hierarchical 
models include plots only from transects with owls present, or owls abundant.
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Table 6. Mean percent cover of cover types quantified in occupied (n=14) and 
unoccupied (n=8) landscapes within landtype polygons in the Bitterroot Southeast region 
of the study area. + or - following p-values of <0.05 indicate the direction of trends 
observed. P-values of <0.0056 represented significant differences based on the 
Bonferroni multiple comparisons test.
Variable
Owl Present Owls Absent
p-valueMean SD Range Mean SD Range
Agricultural land .28 .80 0-3 .00 .00 0-0 .1700
Barren land .34 .47 0-1 1.60 3.02 0-9 .6097
Meadow/mesic shrubland 3.95 3.74 1-15 4.89 3.95 1-13 .4528
Grassland/xeric shrubland 17.92 12.51 4-45 14.90 6.31 4-26 1.000
Low canopy PP/DF 11.35 13.62 0-36 .67 1.03 0-2 .0091 +
Moderate canopy PP/DF 40.86 21.22 0-78 45.37 14.73 25-70 .6328
High canopy PP/DF .95 1.39 0-5 .69 1.94 0-6 .0678
Other conifer 17.32 14.25 0-44 29.05 14.41 4-46 .0760
Broadleaf forest 7.02 19.51 0-74 2.83 3.51 0-8 .8373
PP/DF = ponderosa pine/Douglas-fir forest
Table 7. Mean percent cover of cover types quantified in occupied (n=21) and 
unoccupied (n=15) landscapes around transects in the Bitterroot Southeast region of the 
study area. + or - following p-values of <0.05 indicate the direction of trends observed. 
P-values of <0.0056 represented significant differences based on the Bonferroni multiple 
comparisons test.
Owl Present Owls Absent
Variable Mean SD Range Mean SD Range p-value
Agricultural land .30 1.26 0-6 .00 .00 0-0 .2254
Meadow/mesic shrubland 3.17 3.10 0-11 3.50 2.83 0-10 .6301
Xeric grass/shrubland 15.66 11.13 1-46 13.21 18.30 0-72 .1612
Broadleaf forest 1.52 3.12 0-12 1.70 2.64 0-8 .4010
Low canopy PP/DF 13.07 22.26 0-65 11.87 18.86 0-46 .4044
Moderate canopy PP/DF 47.02 17.44 16-87 31.87 17.57 8-68 .0237+
High canopy PP/DF 1.03 2.40 0-8 2.19 3.53 0-11 .2033
Other conifer 17.92 14.20 0-45 35.35 23.46 1-81 .0184 -
Barren land .31 .54 0-2 .30 .72 0-3 .8634
PP/DF = ponderosa pine/Douglas-fir forest
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a) Transect #71 (occupied)
Cover type % cover 1 Mean % 2
■ Low/mod canopy pp/Df 56 60
■ Other conifer forest 14 18
Ü Xeric shrubland 4 4
Grassland 26 11
■ Agricultural land 1 0
b) Transect #1 (unoccupied)
Cover type % cover 2 Mean % ^
■ Low/mod canopy pp/Df 38 44
■ Other conifer forest 36 35
m Xeric shrubland 0 0
Grassland 3 6
■ Mesic shrubland 13 5
■ Broadleaf forest 8 2
■ Barren land 3 1
Figure 13. Comparison of landscape composition around a) a typical transect occupied 
by Flammulated Owls and b) a typical unoccupied transect.
 ̂Actual values for Transect #71
^Mean values for occupied transects in Bitterroot Southeast region 
^Actual values for Transect #1
^Mean values for unoccupied transects in Bitteiroot Southeast region
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important in differentiating among occupied and unoccupied transects (p = 0.006) (Table
7).
While there was no difference in the elevational composition o f landscapes at the 
transect scale, occupied transects had a larger proportion o f land with northwest aspects 
(<270 degrees) (p = 0.009) and a lower proportion o f land with flat slopes (0-10%) (p = 
0.042) than unoccupied landscapes. Occupied transects had a mean o f 30.01% (SD = 
9.07, range 8.00-42.00) northwest-facing aspects and 4.75% (SD = 3.24, range 1.15- 
13.21) with slopes o f <10%, compared to unoccupied transects which had a mean of 
17.81% (SD = 13.54, range 0-41.00) northwest-facing aspects and 10.59% (SD = 9.97, 
range = 1.16-33.78) with slopes o f <10%.
Using the WSAL cover-type grid at the home range scale, there was no significant 
difference among occupied and unoccupied landscapes. However, using the TSMRS size 
class grid, Flammulated Owls were positively associated with openings and negatively 
associated with the seedling size class (Table 8).
There was no significant difference between the slope or aspect o f occupied and 
unoccupied home ranges. However, occupied home ranges had a lower standard 
deviation for mean elevation (p = 0.028) than unoccupied home ranges.
Entire study area. When comparing landscapes at all three landscape scales across 
the entire study area, differences between occupied and unoccupied landscapes were 
stronger than when they were compared only within the Bitterroot Southeast.
At the landtype polygon scale, occupied landscapes contained less other conifer 
forest and more grassland/xeric shrubland than unoccupied landscapes (Table 9).
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Table 8: Mean percent cover of cover types within occupied (n=35) and unoccupied 
(n=28) estimated home ranges, based on the Timber Stand Management Record System 
data. Data shown are for home ranges along occupied transects, that contained landscape 
composition data for >15% of the landscape. + or - following p-values of <0.05 indicate 
the direction of trends observed. P-values of <0.0042 represented significant differences 
based on the Bonferroni multiple comparisons test.
Owl Present Owls Absent
Variable Mean SD Range Mean SD Range p-value
Openings (natural & created) 10.87 19.12 0-80 2.72 7.61 0-35 .0011+
Seedling* - all types 4.15 17.38 0-100 4.16 10.85 0-52.24 .0930
Low canopy PP/DF sawtimber^ 69.57 29.94 0-100 67.82 27.09 0-100 .6672
Low canopy PP/DF poletimber^ 8.07 21.20 0-100 14.87 28.19 0-100 .6239
Low canopy PP/DF sapling'* 1.41 8.33 0-49.25 .43 2.26 0-11.94 .1540
High canopy PP/DF sawtimber^ .00 .00 0-0 .85 2.68 0-11 .0785
High canopy PP/DF poletimber^ .00 .00 0-0 .00 .00 0-0 1.000
High canopy PP/DF sapling'* .00 .00 0-0 .00 .00 0-0 1.000
Other conifer sawtimber^ .24 1.43 0-8 .27 1.41 0-7 .9822
Other conifer poletimber^ .00 .00 0-0 1.31 6.96 0-36.82 .3173
Other conifer sapling'* .00 .00 0-0 .00 .00 0-0 1.000
No data 5.69 7.47 0-22.89 7.57 9.13 0-23.38 .2509
PP = ponderosa pine trees 
DF = Douglas-fir trees 
'seedling: <2.5 cm dbh 
^sawtimber >22.9 cm dbh 
^poletimber: 12.7-22.9 cm dbh 
'‘sapling: 2.5-12.6 cm dbh
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Table 9. Mean percent cover of cover types quantified in occupied (n=14) and 
unoccupied (n=20) landscapes within landtype polygons throughout the study area. + or - 
following p-values of <0.05 indicate the direction of trends observed. P-values of 
<0.0056 represented significant differences based on the Bonferroni multiple 
comparisons test.
Variable
Owl Present Owls Absent
p-valueMean SD Range Mean SD Range
Agricultural land .28 .80 0-3 .00 .01 0-0 .1256
Barren land .34 .47 0-1 2.22 3.52 0-13 .0603
Meadow/mesic shrubland 3.95 3.74 1-15 8.86 9.75 1-46 .0328 -
Grassland/xeric shrubland 17.92 12.51 4-45 7.51 7.63 0-26 .0057+
Low canopy PP/DF 11.35 13.62 0-36 11.64 13.96 0-43 .9441
Moderate canopy PP/DF 40.86 21.22 0-78 28.37 18.63 1-70 .1000
High canopy PP/DF .95 1.39 0-5 .88 2.09 0-8 .1235
Other conifer 17.32 14.25 0-44 37.98 18.45 4-76 .0018-
Broadleaf forest 7.02 19.51 0-74 2.53 3.89 0-16 .9440
PP/DF = ponderosa pine/Douglas-fir forest
Table 10. Mean percent cover of cover types quantified in occupied (n=27) and 
unoccupied (n=37) landscapes around transects throughout the study area. + or - 
following p-values of <0.05 indicate the direction of trends observed. P-values of 
<0.0056 represented significant differences based on the Bonferroni multiple 
comparisons test.
Owl Present Owls Absent
Variable Mean SD Range Mean SD Range p-value
Agricultural land .24 1.11 0-6 .16 .59 0-3 .6671
Meadow/mesic shrubland 4.25 4.84 0-23 6.22 7.98 0-48 .1457
Xeric grass/shrubland 13.72 10.75 0-46 7.19 13.08 0-72 .0008+
Broadleaf forest 1.19 2.81 0-12 1.94 2.47 0-8 .0107-
Low canopy PP/DF 15.35 21.36 0-65 17.79 16.15 0-50 .3031
Moderate canopy PP/DF 42.41 18.39 11-87 23.18 15.68 3-68 .0001 +
High canopy PP/DF 1.63 2.82 0-10 1.30 2.50 0-11 .4722
Other conifer 20.57 14.75 0-49 27.24 20.24 1-81 .2798
Barren land .29 .49 0-2 1.49 2.20 0-9 .0162 -
PP/DF = ponderosa pine/Douglas-fir forest
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At the transect scale, occupied landscapes contained more moderate canopy (40- 
69%) ponderosa pine/Douglas-fir forest than unoccupied transects. This was 
predominantly due to the abundant moderate canopy Douglas-fir forest (p = 0.0000). 
Occupied transects also contained more grassland and xeric shrubland, and less barren 
land and broadleaf forest than unoccupied transects across the study area (Table 10).
Comparing home ranges across the study area, occupied home ranges contained 
less other coniferous forest (p = 0.039) than unoccupied home ranges. Occupied home 
ranges contained 12.24% (SD = 25.25, n = 65, range 0-97) other conifer, while 
unoccupied home ranges contained 16.25% (SD = 21.65, n = 61, range 0-77) other 
conifer.
DISCUSSION  
Landscape scales
Determining the structure o f hierarchies that an organism perceives and responds 
to is critical to understanding an organism’s response to its environment (Kotliar and 
W iens 1990). Identifying analysis scales o f habitat studies is not only a function o f what 
we think the organism perceives, but ultimately what we perceive (Allen et al. 1984) and 
the analysis tools used. For example, defining circles around points or buffers around 
lines is easy with a GIS, but developing topographically- or geologically-based analysis 
polygons is both more intensive and subjective. Such polygon boundaries have the 
potential to be more biologically meaningful than arbitrary buffers, but are highly variable 
depending on the quality o f data and rules used to delineate boundaries.
The landtype polygons used for the broadest scale o f this study were 
topographically and geologically delineated, based on landform and parent material. If 
owls perceived differences in landform, this scale had the potential to be biologically 
relevant. The weakness o f this scale was the relatively low sampling effort within 
Imdscapes; landscapes at this scale contained areas o f unknown presence status. In 
addition, within occupied landscapes, landscapes were large and heterogeneous enough to 
contain both occupied and unoccupied areas. The variability in owl distribution within 
landtype polygons suggested habitat selection also occurred at finer scales.
The transect scale was intermediate between the landtype polygon and home range 
scales. At the transect scale, presence was known for the entire landscape. While
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landscape boundaries at the transect scale (480 m buffer around transects) were not 
delineated based on owl perception, this scale represented the area actually surveyed for 
owls. Addicott et al. (1987) noted that it is not necessarily inappropriate to use arbitrary 
or convenient scales, but we must be careful when extrapolating the results o f arbitrary 
scales.
Transects were placed along roads and trails, sometimes crossing the topographic 
and geologic boundaries of landtype polygons. While this scale was smaller than the 
landtype polygons, it was not nested within them. Both scales were analyzed within the 
same step o f the hierarchy, comparing occupied to unoccupied landscapes within the 
Bitterroot Southeast region. While the owls might not actually have perceived either of 
these scales, the similar results indicated the abundance o f low canopy ponderosa 
pine/Douglas-fir forest at both scales was correlated with a scale to which Flammulated 
Owls seemed to respond. Defining analysis scales based on the statistical properties o f 
spatial patterns across a continuum of scales might have identified more directly 
meaningful scales (Kotliar and Wiens 1990).
The home range scale was the most likely scale to actually be perceived (Morris 
1987). Because actual home range boundaries were unknown and I hoped to include as 
much o f the actual home range as possible, I used an area 1.5 times the average reported 
Flammulated Owl home range (Reynold and Linkhart 1987, Goggans 1986). This was 
intermediate between the mean home range size o f 14.1 ha (SD = 5.0, range 13.5-34.0) 
documented in Colorado (Reynolds and Linkhart 1987) and 10.3 ha (SD = 6.3, range 5.5- 
19.3) documented in Oregon (Goggans 1986). Hunter et al. (1995) defined home ranges
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based on half the mean nearest-neighbor distance o f Spotted Owls. The mean nearest- 
neighbor distance between Flammulated Owl nests in Colorado as 506 m (SD = 215.5, 
range = 195-1030) (Reynolds and Linkhart 1992). Thus, half the mean nearest-neighbor 
distance observed by Reynolds and Linkhart (1990) was 253 m. This was similar to the 
mean nearest-neighbor distance I observed between singing males along transects with an 
abundance o f owls (552/2 = 276 m), and the radius I used to delineate home range circles 
(239 m).
Variation in the proportion o f each cover type in a landscape decreases with 
decreasing the extent, or size, o f the landscape (Turner 1989). This was evident with the 
home range analysis with the WSAL grid, where there was not enough variation in 
landscape composition within the ponderosa pine/Douglas-fir forest zone to differentiate 
among occupied and unoccupied home ranges. However, variation within landscapes at 
the home range scale increased when size class was added to the cover-type classification, 
and differences were noted between occupied and unoccupied home ranges. During the 
latter analysis, Flammulated Owls were positively associated with nonforest openings, 
and negatively associated with the seedling size class.
To determine the precise scales an organism responds to would take intensive 
study. For now, conservation efforts must be based on scales that correlate with the 
actual scale to which the organism responds. The best way to determine the reliability o f 
scales used in this study would be to repeat the study in other geographic areas. Specific 
results may differ among regions, but obtaining significant results at the same spatial 
scale may indicate the scale is reliable for this species.
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Landscape habitat use
Abundance o f low canopy forest. Birds may use different selection criteria at 
different spatial scales (Bergin 1992, Vander W erf 1993). For instance, Flammulated 
Owls in this study responded to the presence o f snags and large trees at the microhabitat 
scale, presence o f openings at the home range scale, and the overall abundance o f 
low/moderate canopy cover ponderosa pine/Douglas-fir forest at the broadest scales 
observed (Figure 14). While these variables are related, each finer scale represents 
increased resolution. It was not practical to measure variables with finer resolution, such 
as snag density, across broader areas. Similarly, it is unlikely that Flammulated Owls 
could efficiently perceive snag density for entire drainages before selecting one in which 
to settle.
The abundance of low canopy ponderosa pine/Douglas-fir forest in occupied 
landscapes at the two broadest scales (transect and landtype polygon) may reflect 
preference for landscapes with an abundance o f suitable microhabitat; this species may be 
selecting microhabitat only within landscapes that contain an abundance o f suitable 
habitat.
I f  Flammulated Owls are searching for nest sites in landscapes with an abundance 
o f suitable habitat, efficiency at finding suitable microhabitat may increase. If  so, the 
mechanism o f using a hierarchical series o f decisions to select nest sites could lead to 
earlier breeding, and subsequently increase fitness during the already short breeding 
season o f this migratory species. Alternatively, Flammulated Owls may use landscapes 
with an abundance o f suitable habitat due to social requirements, such as mate selection.
(a) 56
(b)
Figure 14. Photographic comparison of (a) a typical occupied landscape and (b) a 
typical unoccupied landscape.
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Grassland/xeric shrubland. Occupied landscapes at the transect scale also had an 
abundance o f grassland and xeric shrubland (Figure 14). The mosaic o f forest/grassland 
edge habitat that occurred in the Bitterroot Southeast is characteristic o f much o f the 
geographic area where Flammulated Owls are abundant (New Mexico, Arizona, 
Colorado). During late summer foraging, adults and fledglings drop-pounce on 
arthropods along the forest/grassland edge by dropping from perches (Reynolds and 
Linkhart 1987, Goggans 1986). Thus, grass and shrubland within open stands provides a 
substrate for capturing arthropods (Reynolds and Linkhart (1987, Goggans 1986).
Low canopy ponderosa pine/Douglas-fir forest in the study area was associated 
with large openings o f grassland and xeric shrubland. Flammulated Owls may be 
selecting landscapes that contain a large amount o f grassland/xeric shrubland, or the 
abundance may be a consequence of selection o f landscapes with a large amount o f low 
canopy ponderosa pine/Douglas-fir forest that happens to be associated with large 
grassland openings. Flammulated Owls forage along the grassland/forest edge, and do 
not appear to use the interior portion o f a grassland as much as the edge, presumably 
because edges provide more protective cover than interior grassland areas (Goggans 
1986). The lack o f large grassland openings in Flammulated Owl nesting habitat in 
northern Utah (C. Marti, pers. comm) and Nevada (S. Dunham, pers. comm.) suggests 
owls were not responding directly to the abundance o f grassland, but rather to the 
abundance o f suitable low canopy forest, which was associated with large grassland 
openings.
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Due to their increased food availability, Goggans (1986) suggested Flammulated 
Owls may select home ranges according to spatial distribution and relative proportions of 
grassland. My results support this concept, with Flammulated Owls at the home range 
scale positively associated with openings mapped by the finer-scale TSMRS grid.
Topograohv. Within occupied transects in the Bitterroot Southeast region o f the 
study area, there was no difference between slope, aspect, or elevation o f used and unused 
plots. However, when compared across the entire study area, Flammulated Owls used 
higher elevation plots with lower slope gradients. There was more variation in elevation 
and slope across the study area than in the Bitterroot Southeast region. This was probably 
because more suitable vegetation occurred in areas with lower slope gradients and, thus, 
less variation in elevation.
L andscape da ta  accuracy
The results o f GIS-based landscape studies are dependent on map resolution, as 
well as the rules used to develop vegetation cover-type classifications. The minimum 
mapping units (0.4 ha and 2 ha) o f geographic databases used in this study were smaller 
than most cover-type patches within the study area. For example, typical Forest Service 
timber harvest units are approximately 17 ha, 8 times the minimum mapping unit o f 2 ha, 
and 42 times the mapping unit o f 0.4 ha. These harvest units usually occur within larger 
patches o f continuous and relatively homogenous forest. Thus, the minimum-mapping 
unit used for this classification seemed reasonable for the cover types mapped in both 
classifications.
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The overall accuracy o f scene P41/R28 for my cover-type groupings was 
relatively low. Several factors commonly affect the accuracy o f spatial cover-type 
classifications. These include: 1) registration differences between ground-truth points 
and classified polygons, 2) changes in cover types between the time o f classification and 
ground-truth data collection, 3) errors in the ground-truth training data due to vegetative 
heterogeneity within polygons, 4) variation in the spectral signature o f any given cover 
type, 5) the low number of ground-truth plots used to check classification accuracy, and 
6) the limitations o f Landsat TM data or aerial photograph interpretation (Congalton and 
Green 1993, Redmond et al. 1996).
Specific factors affecting the WSAL classification accuracy included high 
variation o f Landsat TM spectral signatures within cover types, and the algorithms used 
to decrease the number o f spectral classes, merge pixels, and locate field-training data 
points. For instance, because pixels were merged based on spectral similarity, some 
classified polygons contained multiple cover types. Old growth ponderosa pine, a rare 
forest type in the study area was often linearly dispersed along ridge tops between drier 
grasslands and moister Douglas-fir forest. Because the Landsat TM reflectance o f 
grassland dominated in these low canopy forests, low canopy ponderosa pine forest along 
ridge tops was often misclassified as grassland. Low canopy ponderosa pine forest was 
probably positively correlated with the overall amount o f ponderosa pine/Douglas-fir 
forest and grassland in the landscapes, because these were the cover types with which it 
was juxtaposed.
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Accuracy was not affected by the 3-4 year difference between the time Landsat 
TM data and field training/test data were acquired. This time was small relative to the 
time it takes for cover types to change due to natural processes (Redmond et al. 1996), 
and forest harvest did not alter cover types within most o f the landscapes analyzed during 
this time period.
Accuracy was probably greater in my study area than the WSAL accuracy 
assessment o f  the entire Landsat scene suggests. My microhabitat plots comprised 10% 
(121 o f  1173) o f the field training points used by the WSAL to classify cover types for 
this scene. All the field plots I contributed to the classification were ponderosa pine 
and/or Douglas-fir forest within my study area. However, only 26 o f the test points used 
for the accuracy assessment o f the entire scene fell within my study area. Due to the high 
number o f plots used to classify this forest type, particularly within my study area, and the 
low number o f accuracy test plots in my study area, ponderosa pine/Douglas-fir forest in 
my study area should have been more accurate than represented by the entire scene.
Additionally, the accuracy assessment was conducted by comparing field plots to 
the cover-type polygons within which they occurred. Accuracy was low at the plot level, 
but probably would have been much greater had it been measured by comparing the 
percent cover-type composition within landscapes. This database was not accurate 
enough for microhabitat analyses. However, it was probably suitable for broad-scale 
analyses, such as those conducted in this study.
For the TSMRS size-class grid, the only cover type with enough reference points 
to conduct an accuracy assessment was the mature (>23 cm dbh) ponderosa
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pine/Douglas-fir forest type, the type most frequently surveyed for Flammulated Owls. 
The most common misclassiflcation error o f this cover type was o f sapling/pole 
ponderosa pine/Douglas-fir and mature other conifer plots. Similarly, the most common 
misclassiflcation o f mature ponderosa pine/Douglas-fir reference plots was to 
sapling/pole ponderosa pine/Douglas-fir. Mature other conifer and sapling/pole 
ponderosa pine/Douglas-fir reference plots were often misclassified as mature ponderosa 
pine/Douglas-fir. Thus, the amount o f mature ponderosa pine/Douglas-fir forest was 
probably overestimated in the size class grid. This was either due to a misclassiflcation 
during aerial photograph interpretation or the mislocation of reference points on the GIS 
coverage. Because, a) mature ponderosa pine/Douglas-fir forest was an abundant cover 
type, b) ponderosa pine/Douglas-fir pole/sapling is often adjacent to mature ponderosa 
pine/Douglas-fir, and c) the classified polygon size was relatively small (0.40 ha), the 
mislocation of reference points on the GIS coverage probably accounts for most o f this 
inaccuracy.
Alternative explanations
Alternative explanations for the observed owl distribution include the distribution 
o f  microhabitat, philopatry, and social requirements.
Perhaps Flammulated Owls responded to microhabitat in proportion to its 
availability throughout the study area. However, 65% o f the survey points along the 
Bitterroot Front that contained TSMRS cover-type data (n = 263) were classified as 
mature ponderosa pine/Douglas-fir. If  owls responded to microhabitat in proportion to its 
availability, and if  all suitable habitat was occupied, the 65% that occurred in suitable
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microhabitat would be expected to contain Flammulated Owls. However, none o f the 
suitable microhabitat surveyed along the Bitterroot Front was occupied, supporting the 
concept that owls might consider the landscape context around microhabitat. This was 
also supported by the hierarchical logistic regression model, which did a better job of 
classiftying occupied microhabitat in the study area than the nonhierarchical model.
Philopatry, a tendency for birds to return to their natal sites to breed, might also 
explain the observed owl distribution. However, the degree o f philopatry exhibited by 
individual birds varies intraspeciflcally (Bergin 1992, Blacher and Robertson 1985). For 
example, 22-45% o f juvenile Spotted Owls that survived their first year emigrated from 
natal sites in Oregon and Washington (Forsman and Marcot). Without philopatric 
variation, birds would not disperse from their natal sites. The low variation observed in 
Flammulated Owl plumage throughout their range (McCallum 1994) suggests gene flow 
occurs, and thus, that dispersal occurs between breeding populations. Thus, some 
individuals disperse, and dispersing individuals must make decisions about where to 
settle. Habitat is probably an important factor in that decision.
Most of the owls detected occurred along transects that contained other 
Flammulated Owls, and 12 landscapes in the study area contained clusters o f >3 owls. 
This is similar to the distributions observed by Atkinson and Atkinson (1990) and Moore 
and Frederick (1991). The clustered distribution of Flammulated Owls has been referred 
to as semi-coloniality, and may reflect social requirements. However, Flammulated Owls 
have smaller territories than other western forest owls, and it is possible aggregations are 
formed by multiple individuals coincidentally settling in landscapes with an abundance of
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suitable habitat. I f  Flammulated Owls do have social needs that require birds to settle in 
clusters; however, habitat would only be suitable when it is abundant enough to support a 
cluster o f territories.
Hierarchical vs. nonhierarchical analyses
I analyzed microhabitat use hierarchically, by comparing used and unused 
microhabitats within suitable landscapes only, and then compared these results to 
microhabitat analyses based on a nonhierarchical analysis o f data from the entire study 
area. The nonhierarchical logistic regression model did a better job of predicting which 
plots would be unoccupied than the hierarchical model; this is most likely because the 
number o f unoccupied plots in the nonhierarchical model was three times the number o f 
plots in the hierarchical model. It also might have been because owl presence at points 
along occupied transects varied among survey nights, while absence at points along 
unoccupied transects was consistent among visits. Thus, owls were less likely to occur 
along unoccupied transects than at unoccupied points along occupied transects, and there 
was a greater chance that owls were really absent from unoccupied points along 
unoccupied transects than along occupied transects. This would lead to stronger 
differences between used and unused points in the analysis that included data from 
unoccupied transects.
While the hierarchical model was poor at predicting which plots were unoccupied, 
it was much better at predicting which plots were occupied than the nonhierarchical 
model. The sample size o f occupied plots remained relatively constant between the 
hierarchical and nonhierarchical model, so was not a factor. Rather, it is possible that the
64
nonhierarchical model could not differentiate among occupied plots because suitable 
microhabitat occurred along unoccupied transects; these plots were omitted during the 
hierarchical analysis because they were in unused landscapes. This would also explain 
why a greater proportion (48% vs. 34%) of microhabitat plots with suitable cover types 
were occupied during the hierarchical analysis.
Univariately, more variables were significant, and relationships were stronger 
when microhabitat data were analyzed across the entire study area. This was probably 
due to increased variation in variables when measured across the study area, and 
increased numbers o f unoccupied plots across the study area relative to the number o f 
plots included in the hierarchical analysis. The association between Flammulated Owls 
and most microhabitat variables was strong enough to show even when suitable 
unoccupied plots were included in the nonhierarchical analysis. Snags and basal area 
were the exception; the association with these variables was stronger when measured only 
along occupied transects than across the study area. This was probably because plots 
across the study area were more likely to be in unsuitable forest types (i.e. mesic forest) 
with relatively high snag density and basal area but too much canopy cover to be suitable.
Thus, these variables were more important when compared between plots that were the 
right cover type.
M icrohabitat use
Cover type. Microhabitat results o f this study were similar to results o f previous 
microhabitat studies within the geographic and elevational range of ponderosa pine 
(review in McCallum 1994). Flammulated Owls used old-growth and mature ponderosa
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pine/Douglas-fir forest more than young ponderosa pine/Douglas-fir or other coniferous 
forest types. Thus, occupied plots contained more large trees and snags than unoccupied 
plots. Flammulated Owls in the northern and central Rocky Mountains (Hayward 1986, 
Reynolds and Linkhart 1992) and in the Blue Mountains (Bull et al. 1990) also used 
predominantly old-growth ponderosa pine/Douglas-fir forests as nesting and foraging 
habitat, rather than settling in other coniferous forest types or young dense stands o f 
Douglas-fir/blue spruce (Reynolds and Linkhart 1987).
In a southern British Columbia study area at the extreme northern edge o f the 
Flammulated Owl range, Howie and Ritcey (1987) found Flammulated Owls associated 
with older open Douglas-fir forests rather than ponderosa pine-dominated forests. Howie 
and Ritcey (1987) described the forests containing Flammulated Owls as "extensions of 
dry forest types found in Washington and Montana with no physiographic barriers to the 
natural expansion o f owls," and suggested the physical structure o f forests where 
Flammulated Owls were found resembled that o f forests used farther south. Regardless 
o f the differences in tree species composition, Howie and Ritcey (1987) agreed with 
others (Reynolds and Linkhart 1992, Bull 1990) that Flammulated Owls prefer older 
forests. Additionally, Atkinson and Atkinson (1990) found Flammulated Owls in multi- 
storied mixed coniferous forests o f Douglas-fir and ponderosa pine on the Salmon 
National Forest, Idaho. Between 1270-2210 m elevation, most owls were located in 
Douglas-fir habitat types with structure similar to that described by Howie and Ritcey 
(1987) in British Columbia. Occupied habitat in a New Mexico study area (McCallum 
and Gehlbach 1988) was located in stands with ponderosa pine and Douglas-fir or grand
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fîr >50 cm dbh, a ponderosa pine overstory, and large-diameter dead trees with suitable 
eavities. Used stands were located on ridges and upper slopes with east or south aspects 
(McCallum and Gehlbach 1988).
The use o f xeric ponderosa pine/Douglas-fir forest may be related to food 
availability. In eastern Oregon, 2.7 times as many prey items occurred in ponderosa 
pine/Douglas-fir forest, and 8.7 times as many prey items occurred in grassland, than in 
mixed conifer forest (Goggans 1986). The use o f old forest within this type may be 
related to Flammulated Owl dependence on large trees and large snags.
Large trees. Large trees are important for a variety of reasons, including early- 
season foraging substrates. Flammulated Owls primarily eat noctuid moths (Noctuidae) 
early in the breeding season, and orthopterans later (Reynolds and Linkhart 1987, 
Goggans 1986). Four times as many lepidopteran species in a Colorado study area were 
associated with ponderosa pine and Douglas-fir than other western conifers (Reynolds 
and Linkhart 1987), and most arthropods were captured in Douglas-fir (61%) and 
ponderosa pine (19%) trees with a mean age o f 199 yrs. Reynolds and Linkhart (1987) 
observed that most foraging occurred within intensive foraging areas. Eighty percent of 
these areas contained old-growth ponderosa pine/Douglas-fir trees. Early-season prey are 
most frequently captured by hawk-gleaning inside tree crowns and hover-gleaning from 
the outer conifer needles (Reynolds and Linkhart 1987). Reynolds and Linkhart (1987) 
suggested that large open tree crowns, such as the those found in large ponderosa pine 
trees, were required for tree-crown foraging tactics such as hawk-gleaning and hover- 
gleaning. This is similar to other insectivorous forest bird species that select certain tree
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species to facilitate maneuvering while foraging (Robinson and Holmes 1984, Vander 
W erf 1993).
In addition to providing foraging substrates, old ponderosa pine and Douglas-fir 
(mean age = 289 yrs) in Colorado are often used for song perches and roost sites 
(Reynolds and Linkhart 1992), and decadent portions o f old trees provide nest sites.
Most song trees I observed were ponderosa pine, possibly because ponderosa pine was 
usually the largest species present in microhabitat plots. Flammulated Owls in 
northeastern Oregon roosted in ponderosa pine more than any other tree species, 
presumably due to their coloration and predator avoidance through camouflage (Goggans 
1986).
Large snags. Flammulated Owls are obligate cavity nesters, dependent on 
Pileated Woodpeckers (Dryocopus pileatus). Northern Flickers {Colaptes auratus), and 
sapsuckers (Sphyrapicus spp.) to excavate suitable nest cavities (Bull et al. 1990, Powers 
et al. 1996). These woodpeckers excavate cavities in large snags or decadent portions of 
large live trees. Because they depend on woodpecker cavities, which are often excavated 
in large snags, large snags provide important nesting substrates for Flammulated Owls.
O f 33 nests in northeastern Oregon, mean nest tree dbh was 72 cm (Bull et al. 1990). 
Ninety-one percent o f the nests found by Bull et al. (1990), and 80% of 20 nests found by 
Goggans (1986) were in snags. Eighty-five percent o f 20 nests in Oregon were in 
ponderosa pine (Goggans 1986).
Habitat type. While Flammulated Owls used older ponderosa pine/Douglas-fir 
stands, they did not use all types o f old ponderosa pine/Douglas-fir forest. In this study.
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they were only found in stands with dry habitat types. Habitat type categories were based 
on relative site moisture, as indicated predominantly by understory vegetation 
composition (Pfister et al. 1977). Owls were positively associated with dry-site indicator 
species such as Balsamorhizza sagitatta, and were never found in stands with moist-site 
plants such as Salix spp. and Vaccinium spp. In a U.S. Forest Service summary of habitat 
types used by Flammulated Owls (J. Taylor, pers. comm.) on the Idaho Panhandle, 
Kootenai, and Payette National Forests in northern Idaho and northwestern Montana,
63% o f the detections were in xeric ponderosa pine/Douglas-fir habitat types, and 37% of 
the summarized Forest Service detections were in habitat types that were more mesic than 
sites the owls in my study area used. Douglas-fir, a suitable tree species, is often the 
dominant species in serai stands for all the mesic habitat types Flammulated Owls were 
documented in by the Forest Service; however, these types contain moist-site understory 
plants rather than the xeric grassland understory used in my study area. Owls in those 
areas might have been solicited through tape playbacks from adjacent xeric stands, or 
they might use more mesic habitat types in the moister landscapes of northern Idaho and 
northwestern Montana. Mills et al. (1993) suggest forest structure was more important to 
Spotted Owls than actual species composition. If  this is true for Flammulated Owls, their 
structural attachment appears to be forests with dry openings, large trees, large snags, and 
dense understory vegetation thickets. This structure may limit the types of forest they 
inhabit because many coniferous forest types in the northern Rocky Mountains do not 
contain dry openings.
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Understorv vegetation. There was no difference in the amount o f understory 
Douglas-fir between occupied and unoccupied plots in this study in west-central 
Montana. Stands o f dense young trees were not suitable as nest sites in New Mexico or 
Oregon (McCallum and Gehlbach 1988, Bull 1990). However, thickets o f dense 
vegetation were present near all sites, and were used for roosting and calling in New 
Mexico (McCallum and Gehlbach 1988). Reynolds and Linkhart (1992) also observed 
males singing within dense clumps o f foliage.
Flammulated Owls in this study occupied stands with low shrub cover.
McCallum and Gehlbach (1988) also noted predominant use o f nests within vegetation 
with a low shrub density. They attributed the use o f low shrub density, particularly in 
front o f cavities, to the Flammulated Owl habit o f flying low (1-2 m above ground) upon 
approaching and leaving the nest cavity. It might also be related to the abundance o f food 
in grassland openings. High shrub density would decrease the abundance o f grassland 
foraging habitat.
Caveats
Variation in yearly distributions and abundances due to weather may affect the 
results o f short-term studies such as this one (Wiens 1986, di Castri and Hadley 1988, 
Virkkala 1991). For instance, during cold, stormy springs, the owls may spend more time 
feeding (McCallum 1994), and be less responsive vocally. Thus, even if  densities were 
the same in different years, vocal surveys would indicate there were fewer birds than in 
warmer years that allowed more energy for territorial vocalizations, and suitable habitat 
would be classified as unsuitable. Additionally, habitat use may be density-dependent.
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with the consequence that studies during low-density years would produce different 
distributions and habitat-use data than studies occurring during high-density years 
(Rotenberry 1985, Wiens 1986, Wiens et al. 1987). During low densities, less high 
quality habitat might occupied, while more low quality habitat would be occupied during 
high densities (Steele 1992). Without a long-term study o f Flammulated Owl habitat use 
relative to density and weather, it is difficult to place the results o f this short-term study in 
context. This study provides information on the relative importance o f different habitats 
at different scales within the study period.
While patchily-distributed species such as the Flammulated Owl may select 
microhabitat only within suitable landscapes, specific results o f this study may not be 
extrapolated to areas with different habitats, such as aspen or areas without ponderosa 
pine/xeric Douglas-fir forest, or to different geographic areas. Additionally, two types of 
ponderosa pine forest that existed in the study area were not surveyed during this study, 
and results cannot be extrapolated to these types. Old growth ponderosa pine forests 
occur along many south-facing slopes in the Bitterroot Mountains. These slopes were too 
steep and rocky to safely traverse at night, and the creek noise from spring runoff was too 
loud to survey these areas from gentler slopes high above the canyons. The understory 
vegetation on these slopes is sparse, and may represent lower quality foraging habitat than 
under the more contiguous ponderosa pine forests that occur on gentler slopes. 
Additionally, Flammulated Owls in the Bitterroot Southeast region used home ranges 
with a lower slope gradient, and it is possible these slopes are too steep to be suitable.
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Thus, forests on these south-facing slopes represent a different habitat type that, although 
not surveyed, may not be suitable.
Ponderosa pine also occurred in association with black cottonwood (Populus 
trichocarpa) along terraces o f the Bitterroot River (Habeck 1990). Based on the presence 
o f cottonwoods, which are high quality cavity trees, such forests would be expected to 
contain an abundance o f suitable nest trees. Most o f these terraces in the study area occur 
on private land, and many o f the large ponderosa pine were removed when the land was 
settled in the early 1900's (Habeck 1990). Intact examples o f this forest type along the 
Bitterroot River were rare and were not surveyed for Flammulated Owls. Thus, study 
results are not applicable to these forest typés.
Within areas with ponderosa pine/Douglas-fir vegetation types, specific results 
may change if  landscapes are defined using different extents, bird densities change, or if 
the vegetative cover-type classification is developed with a different unit o f resolution 
(Turner 1989). Specific results o f the landscape analyses conducted during this study 
may only be applicable to similarly-sized landscapes within the same vegetation types, 
and using the same cover-type classification in the same area. However, due to the large 
number o f studies that concur on microhabitat structural characteristics, the microhabitat 
results may be safely extrapolated with the understanding that microhabitat may not really 
be suitable unless it occurs in suitable landscapes.
HABITAT MANAGEMENT AND CONSERVATION IMPLICATIONS 
W here to manage/conserve habitat
Based on the results o f this study, it may be most effective to manage habitat for 
Flammulated Owls within landscapes that contain an abundance o f low canopy ponderosa 
pine/Douglas-fir forest. Querying broad-scale GIS databases for landscapes with an 
abundance o f this forest type, within the geographic range of Flammulated Owls, may be 
a useful tool for identifying potentially occupied areas (Figure 15). Identifying areas with 
a high likelihood o f occupancy can increase the efficiency o f conducting surveys to gather 
data on local Flammulated Owl distributions.
Habitat queries can also be used to prioritize areas for Flammulated Owl habitat 
restoration, such as the recruitment o f old ponderosa pine/Douglas-fir forest. This may be 
particularly important in areas, such as the eastern front o f the Bitterroot Mountains, 
where most o f the old-growth ponderosa pine/Douglas-fir forest has been replaced by 
young, structurally-simple forest stands.
Even within suitable landscapes, all ponderosa pine forest types in this study area 
were not suitable for Flammulated Owls. For instance, old-growth ponderosa pine stands 
with a Vaccinium understory were not occupied. Thus, within suitable landscapes, it may 
be most effective to conserve and restore stand structural characteristics within suitable 
habitat types (e.g. xeric ponderosa pine/Douglas-fir forest in this study area).
Cover type
The distribution and abundance o f many bird species change with forest habitat 
alteration. For instance, Flammulated Owls do not occur in recently clearcut forests
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Figure 15. Distribution of low/moderate canopy cover ponderosa pine/Douglas-fir in 
in the study area, based on the Wildlife Spatial Analysis Lab vegetation classification.
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(Howie and Ritcey 1987), and their abundances have declined following this type of 
timber harvest (Marshall 1957, Phillips et al. 1964, Franzreb and Ohmart 1978). Because 
detection distances were highly variable depending on owl song amplitude, wind, and 
topography, I did not estimate density. However, the mean nearest-neighbor distance 
observed on transects with an abundance o f owls was comparable to that observed by 
Reynolds and Linkhart (1990) in Colorado. The distance observed on transects with an 
abundance o f owls was three times greater on transects in landscapes with an abundance 
o f young forest, probably because the distance between suitable habitat was greater.
While Howie and Ritcey (1987) did not find owls in forests less than 80 yrs old, 
Flammulated Owls have been recorded in older second-growth ponderosa pine (Winter 
1974).
Flammulated Owls were present in approximately half o f the selectively-logged 
microhabitat plots in my study area. Selectively-logged stands that were occupied 
contained large residual trees and snags, similar to stands described by Hasenyager et al. 
(1979) and Bloom (1983) who reported nests in partially logged forests with large 
residual trees. In a heavily managed study area, most owls located in British Columbia 
(Howie and Ritcey 1987) occurred in mature and old stands o f Douglas-fir that had been 
selectively harvested 2-3 decades prior to the surveys. These multi-storied stands 
contained 35-65% overstory canopy closure composed o f Douglas-fir and ponderosa pine, 
a Douglas-fir understory, and a scarce shrub layer.
Based on timber stand inventory data, Howie and Ritcey (1987) calculated a mean 
dbh o f Douglas-fir and ponderosa pine in occupied stands as 28 cm and 38 cm,
75
respectively (Howie and Ritcey 1987). These diameters may be misleadingly low if they 
were averaged across all trees in a stand, because stands with understory trees generally 
contain more small trees than large trees, and averages disproportionately represent small 
trees when all trees in a stand are averaged. Selectively-logged stands that were occupied 
in my study area contained fewer large stumps than selectively-logged stands that were 
not occupied, indicating owls used stands that had been harvested less intensively. Based 
on the sites in which I found owls, I suspect most o f the stands described by Howie and 
Ritcey (1987) contained large overstory trees that were swamped out by averaging their 
diameters with a large number o f understory trees.
The evidence is clear that Flammulated Owls occupy, and sometimes nest in, 
selectively-logged stands. However, inferences about habitat quality, such as comparing 
unlogged and selectively-logged sites should be saved for studies that incorporate 
measures of reproductive success. Presence/absence data provide valuable information 
about which habitats are completely unsuitable; however, it would be inappropriate to 
assume equal habitat quality among all occupied areas (Van Home 1983). For instance, 
two forest types may appear suitable based on occupancy data, but reproductive data 
could indicate one type provides higher-quality habitat for some species than another 
type. Thus, my results provide more information about which microhabitat and landscape 
conditions are completely unsuitable, rather than habitat quality data among occupied 
areas.
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Snags
While landscape analyses can help identify suitable landscapes for Flammulated 
Owls, it is still necessary to maintain suitable microhabitat within suitable landscapes.
For instance, Flammulated Owls who settle in suitable landscapes cannot nest unless 
there are suitable snags with nest cavities. Similarly, the regional decline o f the Siberian 
tit {Parus cinctus), a cavity nester o f Finland's old-growth forests, was the result o f 
intensive forest management at the microhabitat scale that removed large trees and snags 
(Virkkala 1991).
Nest sites may be especially limited if snag densities are low. Major Flammulated 
Owl nest competitors were presumed to be Abert's squirrels {Sciurus aberti) and Northern 
Flickers that used existing cavities in New Mexico (McCallum and Gehlbach 1988), and 
flying squirrels {Glaucomys sabrinus) and red squirrels {Tamiasciurus hudsonicus) in 
British Columbia (Cannings and Cannings 1982). Because Flammulated Owls nest later 
than resident forest owls, they might also be excluded from nest cavities by resident owls 
such as the Northern Saw-whet {Aegolius acadicus) and Northern Pygmy {Glaucidium 
gnoma) owls. The abundance o f snags and decadent trees was relatively low in my study 
area, with more than a single large snag evident within 2 acres o f only 35% of the 
microhabitat plots. This was probably due to past management. For instance, managers 
on the Bitterroot National Forest in the 1950's and 1960's actively removed snags that 
were thought to be ignition points for lightening strikes. The single unroaded transect 
(Tolan) in ponderosa pine/Douglas-fir forest in my study area had greater snag densities 
than roaded transects in this forest type.
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Most nests observed by Goggans (1986) were ponderosa pine snags, indicating 
that ponderosa pine snags may be especially important to Flammulated Owls. Thus, 
selective logging within this forest type that harvests “high-risk” ponderosa pine, trees 
that are expected to die soon, could remove trees critical to the recruitment of future 
Flammulated Owl nest trees.
Large ponderosa pine/Douglas-fir
Flammulated Owls use both large ponderosa pine and Douglas-fir trees within the 
ponderosa pine/Douglas-fIr forest type. Because there are fewer ponderosa pine old- 
growth trees in the northern Rocky Mountains than there were historically, it may be 
necessary to retain large Douglas-fir trees as song trees, foraging trees, and for large snag 
recruitment, until large ponderosa pine are again abundant. Selective logging that 
removes large ponderosa pine or Douglas-fir trees would decrease the availability of 
early-season feeding sites, song and roost sites, and trees for snag recruitment in areas 
already limited in large snag abundance.
Understory Douglas-fir
Because Flammulated Owls did not differentiate between ponderosa pine and 
Douglas-fir dominated forest types, and other studies have documented Flammulated 
Owls breeding in xeric Douglas-fir forests (Howey and Ritcey 1987, Powers et al. 1996), 
the floristic change from ponderosa pine forests to predominantly Douglas-fir would not 
be expected to affect Flammulated Owl occupancy. However, the change in forest 
structure, from a low canopy forest with openings and patchy understory thickets to a 
contiguous high canopy forest with fewer openings, would be expected to decrease food
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availability for Flammulated Owls. Densities o f prey in grassland are greater than in 
forest, and forests with open canopies have greater food availability than continuous 
forests, especially later in the season when owls eat predominantly orthopterans (Goggans 
1986). Stands with dense understories probably contain less prey, and hinder foraging 
maneuverability (Goggans 1986). If  food availability decreases, Flammulated Owls may 
increase territory size (Schoener 1968, Goggans 1986), potentially decreasing overall owl 
densities.
While the elimination o f some understory forest would be expected to maintain 
the grassland openings used by foraging owls, management activities that eliminate all 
understory Douglas-fir may remove thickets important for roosting and singing, drop- 
pouncing foraging perches, and predator protection cover. Flammulated Owls in eastern 
Oregon predominantly roosted in dense stands with >50% canopy cover. Mean stem 
density in roost sites observed by Goggans (1986) was 2016 trees/ha (SD = 1378, « = 31, 
range 509-5346), with mean basal area of 129 m^ (SD = 48.5, w = 31, range 21-239). 
Flammulated Owl use o f dense forest thickets was also recorded by Bull and Anderson 
(1978) and Marcot and Hill (1980). Because Flammulated Owls roosted an average of 
53 m from nests during the nesting period, and <20 m from nests prior to juvenile 
fledging, Goggans (1986) suggested that suitable nest-sites may include patches o f dense 
forest for roosting, as well as openings for foraging.
Summary
In addition to suitable microhabitat, Flammulated Owls may need landscapes with 
an abundance o f the suitable forest type. GIS queries based on the results o f broad-scale
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studies can be used to predict landscapes with potential past, present, or future 
Flammulated Owl habitat. Without studying reproductive success to gather information 
on habitat quality, it may be risky to selectively harvest large ponderosa pine or Douglas- 
fir trees or snags from current habitat. Conservation efforts should ensure that current 
microhabitat in xeric ponderosa pine/Douglas-fir retains an abundance o f large trees, 
large snags, grassland openings, and understory thickets. Where ponderosa pine is absent 
or rare, large Douglas-fir trees will probably provide nesting, roosting, song, and foraging 
substrates. Areas with an abundance of young ponderosa pine/Douglas-fir may represent 
past habitat and could be managed as potential future habitat by allowing some xeric 
ponderosa pine/Douglas-fir to return to late successional stages. Conservation efforts 
may be most effective if focused on areas with an abundance o f low canopy ponderosa 
pine/Douglas-fir, rather than small patches o f this forest type.
CONCLUSION
Several spatial scales were univariately important in differentiating between 
occupied and unoccupied habitat; however, the greatest understanding resulted from 
analyzing data at multiple scales, including both landscape and microhabitat. The results 
o f the microhabitat analyses were similar to results o f other microhabitat studies within 
the range o f ponderosa pine, with Flammulated Owls using xeric ponderosa 
pine/Douglas-fir stands with old-growth structural characteristics. While microhabitat 
differences were observed when comparing data across the entire study area, a 
hierarchical analysis o f microhabitat data within occupied landscapes was better than a 
nonhierarchical analysis at predicting which microhabitat plots were occupied. This 
suggested suitable microhabitat that occurs in unsuitable landscapes may not be occupied, 
and raised the question o f what constitutes a suitable landscape. Suitable landscapes 
contained an abundance o f xeric ponderosa pine/Douglas-fir forest, whereas unsuitable 
landscapes contained patches o f suitable microhabitat within predominantly moister 
coniferous forest types. Thus, landscape scales seemed to explain why Flammulated 
Owls were vacant from suitable microhabitat, and the microhabitat scale explained where 
individuals occurred within suitable landscapes.
If microhabitat is only suitable when it occurs within suitable landscapes, there is 
less habitat available to this sensitive species than would be predicted based only on the 
results o f microhabitat studies. The results o f this study indicate that studying habitat at 
multiple scales may be necessary to fully understand distribution and habitat use of
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patchily-distributed species, and thus to effectively conserve habitat for species of
concern.
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Appendix A. Habitat types (from Pfister et al. 1977) recorded in microhabitat vegetation
plots.
Code Habitat type Abbreviation
140 Pinus ponderosa/Agropyron spicatum (PIPO/AGSP)
160 Pinus ponderosa/Purshia tridentata (PIPO/PUTR)
170 Pinus ponderosa/Symphoricarpos albus (PIPO/SYAL)
220 Pseudotsuga menziesii/Festuca idahoensis (PSME/FEID)
230 Pseudotsuga menziesii/Festuca scabrella (PSME/FESC)
250 Pseudotsuga menziesii/V accinium caespitosum (PSME/VACA)
260 Pseudotsuga menziesii/Physocarpus malvaceus (PSME/PHMA)
280 Pseudotsuga menziesii/V accinium globulare (PSME/VAGL)
290 Pseudotsuga menziesii/Linnaea borealis (PSME/LIBO)
310 Pseudotsuga menziesii/Symphoricarpos albus (PSME/SYAL)
320 Pseudotsuga menziesii/Calamagrostis rubescens (PSME/CARU)
330 Pseudotsuga menziesii/Carex geyeri (PSME/CAGE)
430 Picea/Physocarpus malvaceus (PICEA/PHMA)
440 Picea/Galium triflorum (PICEA/GATR)
590 Abies grandis/Linnaea borealis (ABGR/LIBO)
610 Abies lasiocarpa/Oplopanax horridum (ABLA/OPHO)
630 Abies lasiocarpa/ Galium triflorum (ABLA/GATR)
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Appendix B. Definitions of size and forest composition categories used in cover types 
recorded in microhabitat vegetation plots.
Cover type Definition
Size
Old growth trees and snags >53 cm dbh^ present, multi-storied, self-thinned
Mature trees 23-53 cm dbh* multi-storied
Selectively logged multi-storied, canopy more open than mature due to tree removal 
Young most trees <23 cm dbh% canopy closed
Composition
PP/DF >80% ponderosa pine or Douglas-fir
Other conifer <80% ponderosa pine or Douglas-fir
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Appendix C. Abundant indicator species (Pfister et al. 1977) for which presence or 
percent cover were recorded in microhabitat vegetation plots.
Scientific Name Common Name
Trees
Abies grandis Grand fir
Abies lasiocarpa Subalpine fir
Larix occidentalis Western larch
Picea engelmannii Engelmann spruce
Pinus contorta Lodgepole pine
Pinus ponderosa Ponderosa pine
Pseudotsuga menziesii Douglas-fir
Shrubs and subshrubs
Arctostphylos uva-ursi Kinnikinnick
Berberis repens Oregon grape
Linnaea borealis Twinflower
Physocarpus malvaceous Ninebark
Purshia tridentata Bitterbrush
Spiraea betulifolia White spirea
Symphoricarpos albus Snowberry
Vaccinium spp. Huckleberry
Graminoids
Agropyron spicatum Bluebunch wheatgrass
Calamagrostis rubescens Pinegrass
Carex geyeri Elk sedge
Festuca idahoensis Idaho fescue
Festuca scabrella Rough fescue
Forbs
Antennaria racemosa Woods pussytoes
Arnica cordifolia Heartleaf arnica
Balsamorhiza sagittata Arrowleaf balsamroot
Clintonia uniflora Queencup beadlily
Galium triflorum Sweetscented bedstraw
Smilacina stellata Starry Solomon’s seal
Streptopus amplexifolius Twisted stalk
Thalictrum occidentale Western meadowrue
Xerophyllum tenax Beargrass
